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The CERES-Wheat Crop Growth and Development model treats temperature,
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stress index for temperature, N and water, compares the magnitude of the indices,
and then adjusts the calculated daily potential growth using the index of the most
severe stress, while ignoring the other stresses. Under the conditions in Oregon,
however, mild N and water stress will often be present together in about equal degree
of stress. Some published results suggest that both stresses affect growth and yield
under those conditions. Therefore, this work was undertaken to evaluate the
combined effects of N and water stress on growth and development of wheat
(Triticum aestivum L.). To make such an evaluation one must be able to control both
N and water supplies to the plant and the response of the plant to these two variables
must be measured at different growth stages. A system of imposing controlled plant
water stress developed by Snow and Tingey (1985) was adapted and evaluated for its
potential to impose controlled levels of both N and water stress to single wheat
plants. Using a 12 mmol N and 4 cm pathlength as optimum N and water supply
treatment, 2 mmol N and 12 cm pathlength and a 1 bar standard ceramic disc in the
floral foam column as N and water stress treatments during tillering resulted in 15 %
reduction in tillers/plant for limits to the N supply alone, a 39 % reduction for limits
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appearance rate on the main stem, a measure of the rate of progress toward
flowering. Both N and water supplies had a strong effect on tillers/plant which, in
turn, affected plant biomass and its constituent parts. The effects were independent,
suggesting that, to accurately model the wheat canopy development when both mild N
and water stresses are present, both stresses must be considered. A 'law of
minimum' concept as currently used in the CERES-Wheat model would not be an
accurate model for the process of tillering. In an experiment where stress was
imposed during flowering and grain-filling, the grain yield/plant varied significantly
with both N and water supplies. The interaction between N and water treatments on
grain yield was also significant and was due primarily to their significant interaction
on mean kernel weight. The major determinant of grain yield was tillers/plant at
harvest. Both N and water supplies affected kernels/ear and N stress caused a
reduction of 12% in both fertile spikelets/ear and kernels/fertile spikelet. At an
optimum water supply, the difference between the effect of optimum and medium N
supply on grain yield was not significant but yield in low N supply was reduced by
54%. In the medium water supply, the grain yield at both medium and low N
treatments were significantly lower than at optimum N supply. There was no
significant difference in yield between N supply treatments in the low water supply
treatments. Thus, under severe water stress, a 'law of minimum' concept appeared to
be valid, but under less severe stress both N and water supply affected grain yield.
The data on leaf water potential and leaf temperature showed that plants in low water
supply treatments maintained consistently lower leaf water potential and higher leaf
temperature than in optimum water supply treatment.EFFECT OF NITROGEN AND WATER STRESSES DURING TILLERING AND GRAIN-
FILLING IN WHEAT
by
Muhammad Ashraf
A THESIS
submitted to
Oregon State University
in partial fulfillment of
the requirement for the
degree
of
Doctor of Philosophy
Completed September 11, 1992
Commencement June 1993APPROVED
Profes or of Crop and Soil Science in charge of major
Head of Department of Crop and Soil Science
Dean of Gradia1e School
Date thesis is presented
Typed by Muhammad Ashraf
September 11, 1992
Redacted for Privacy
Redacted for Privacy
Redacted for PrivacyDEDICATED TO:
Karam Hunjra
and
my parents,
Faiz Ahmad Hunjra and Meyhar Beebi HunjraACKNOWLEDGEMENTS
I would like to express my sincere gratitude to Dr. Floyd E. Bolton for his
guidance, encouragements, support, and friendship throughout my graduate
studies at Oregon State University. A special thanks is extended to Dr. Dale N.
Moss for his invaluable advice, patience, assistance in planning and conducting
research, and helping in other ways too numerous to mention. I appreciate the
opportunity that he has provided me to grow as a researcher, teacher, and
individual.
I am very grateful to the faculty members who served on my committee;
Dr. Don F. Grabe, Dr. Christopher Mundt, Dr. Gerald Kling and Dr. James A.
Vomocil. I appreciate Mrs. Nan Scott's incredible computer skills and her
willingness and patience to teach these skills to others. Dr. David R. Thomas
deserves special thanks for his help and suggestions in statistical analysis of the
data.
Thank you all who have taught me formally and informally. I have gained
new understanding about science, culture and people in an open andfriendly
society.
America is fortunate to have teachers like Dale N. Moss and Tim Righetti
and authors like Park S. Nobel.
Special thanks are extended to Government of Pakistan, USAID and
Department of Crop and Soil Science, Oregon State University for financial
support for my graduate studies.
I am also grateful to my father who always plowed deep and his endless
support enabled me to complete this task successfully.TABLE OF CONTENT
Page
CHAPTER 1 1
Introduction 1
CHAPTER 2 5
SIMULTANEOUS APPLICATIONS OF CONTROLLED LEVELS OF NITROGEN AND
WATER STRESS TO WHEAT 5
Introduction 5
Materials and Methods 7
calibration of snowcones for Applying water stress to wheat 10
calibrating snowcones to Apply Nitrogen stress to wheat 12
simultaneous control of Nitrogen and water stress 14
CHAPTER 3 19
CONTROL OF TILLERING IN SPRING WHEAT BY NITROGEN AND WATERER
SUPPLIES 19
introduction 19
Materials and Methods 24
Results and Discussion 29
Summary 46
CHAPTER 4 47
THE EFFECT OF NITROGEN AND WATER STRESSES DURING FLOWERING AND
GRAIN-FILLING ON YIELD AND YIELD COMPONENTS OF SPRING WHEAT 47
Introduction 47
Materials and Methods 51
Results and Discussion 54
summary 67
CHAPTER 5 68
INTERACTION OF NITROGEN AND WATER SUPPLY ON LEAF WATER
POTENTIAL AND LEAF TEMPERATURE OF SPRING WHEAT 68
Introduction 68
Materials and Methods 69
Results and Discussion 72
CHAPTER 6 78
SUMMARY AND SUGGESTIONS 78
summary 78
suggestions 80
BIBLIOGRAPHY 83
APPENDIX 89LIST OF FIGURES
Figure
Page
2.1Snowcone Apparatus 8
2.2The time course of tillering of Yecora Rojo spring wheat in
combinations of optimum and low nitrogen and water supplies. 17
3.1The time course of the effect of water supply on tiller number per
plant of Yecora Rojo spring wheat averaged over nitrogen supply
treatments 34
3.2The time course of the effect of nitrogen supply on tiller number per
plant of Yecora Rojo spring wheat averaged over water supply
treatments 35
3.3Map of leaf number per tiller for each combination of nitrogen and
water treatment at the conclusion of the experiment. Tillers along
horizontal axis are listed in the order in which they appeared. 37
3.4Leaf number on main stem and primary tillers of Yecora Rojo spring
wheat as a function of thermal time. 40
3.5a,b Leaf number on selected secondary tillers of Yecora Rojo spring
wheat as a function of thermal time. 42
4.1The effect of nitrogen and water stress treatments on grain yield per
plant of Yecora Rojo spring wheat. 56
4.2The effect of nitrogen and water stress treatments on tiller survival of
Yecora Rojo spring wheat. 59
4.3The effect of nitrogen and water stress treatments on mean tiller grain
yield and pattern of tiller survival of Yecora Rojo spring wheat.
Tillers along the horizontal axis are listed in the order in which they
appeared. 64
5.1The effect of nitrogen and water supply on leaf temperature of Yecora
Rojo spring wheat during the time course of the experiment 77LIST OF TABLES
Table
Page
2.1Grain yield and yield components of Yecora Rojo spring wheat
subjected to water stress. 13
2.2The influence of nitrogen concentration in the nutrient solution on
tillers per plant, and on grain and straw yield per plant of Yecora Rojo
spring wheat. 15
3.1The effect of nitrogen and water supplies on mean plant height, and
on leaf, stem, and plant dry weights of Yecora Rojo spring wheat 30
3.2The effect of nitrogen and water supplies on leaf area, number of
tillers per plant, leaf N and leaf water potential of Yecora Rojo spring
wheat. 31
3.3Thermal time from sowing to emergence of major tillers of Yecora
Rojo spring wheat among nitrogen and water supply treatments. 43
3.4Leaf emergence rates in thermal time for different order tillers of
Yecora Rojo spring wheat under three levels of nitrogen and three
levels of water. Leaf emergence rates of late-formed tillers are
greater because of accelerated emergence of the first two leaves 45
4.1The effect of nitrogen and water stress treatments on average number
of tiller, aerial plant biomass, grain yield and harvest index per plants
of Yecora Rojo spring wheat. 55
4.2The effect of nitrogen and water stress treatments on ear length and
ear components of Yecora Rojo spring wheat grain yield. 61
4.3The effect of nitrogen and water stress treatments on grain yield of
main stem tiller of Yecora Rojo spring wheat and on the major
subtiller which survived. 65
4.4The effect of nitrogen and water stress treatments on mean kernel
weight of main stem tillers of Yecora Rojo spring wheat and of
subtiller survived to maturity. 66
5.1The influence of nitrogen and water supply treatments on leaf water
potential of Yecora Rojo spring wheat. 73APPEDIX TABLES
Table
Page
1 Detail of stock solutions of modified Long Ashton complete nutrient
solution used for preparation of nutrient media. 89
2 The effect of nitrogen and water supply treatments on tillers per plant,
leaf area, leaf dry weight, stem dry weight, biomass per plant, leaf N
and leaf water potential of Yecora Rojo spring wheat. 91
3 The observations of number of tillers per plant (T) and number of
leaves per plant (H) under three levels of nitrogen and three levels of
water supply during the period of tillering of Yecora Rojo spring
wheat. 92
4 Number of leaves (Haun scale) on main stem and each tiller position
for nitrogen and water supply treatments from main stem third leaf
visible to first main stem node visible stage (end of tillering) of
Yecora Rojo spring wheat. 97
5 Effect of nitrogen and water stress on plant height and ear
components of designated tillers of Yecora Rojo spring wheat 135
6 The effect of nitrogen and water supply treatments on leaf water
potential during mid tillering, near end of tillering, early-grain filling
and mid-grain filling stage of Yecora Rojo spring wheat. 153EFFECT OF NITROGEN AND WATER STRESSES DURING TILLERING AND GRAIN-
FILLING IN WHEAT
CHAPTER 1
INTRODUCTION
A group of scientists at Oregon State University has been cooperating on
research for several years with the goal of designing and releasing to Oregon farmers
a sophisticated decision support system (DSS) for growing and marketing wheat.
The DSS potentially could contain the latest scientific information on crop
management, including management of disease and insect pests. The vision is that it
could also interface with on-line market services and contain information on
marketing strategies. The DSS would consist of a combination of dynamic models
which would give the current status of the crop at any point in time, and be capable
of predicting the future yield based on grower input parameters concerning the
weather for the remainder of the growing season. This would enable the grower to
do " What if " scenarios and derive from the DSS realistic yields if those scenarios
were representations of weather.
An essential element of the DSS is the requirement for a dynamic crop
growth and development model which, when driven by daily weather parameter and
grower management practices as inputs, can estimate the current condition of the
crop. The CERES-Wheat has been selected as the model for the wheat crop because
it is the most widely tested dynamic model of wheat growth and development
available. Therefore, the CERES-Wheat is being evaluated for the potential as a
core crop model of Oregon State University DSS.2
To satisfy the requirements of the DSS, a crop model must be able to
accurately evaluate the effect of environmental stresses on the daily growth and
development of wheat crop. The CERES-Wheat does that using a 'law of the
minimum' algorithm. For each day the crop is growing the model reads and
interprets the daily weather parameters (temperature, solar radiation, rainfall) and,
utilizing the initial nitrogen fertility level of the soil and user input of any nitrogen
added as fertilizer, calculates a "stress index" on 0 to 1 scale for temperature, water,
and nitrogen status of the plant. The model then compares the magnitude of these
stresses, uses the most severe stress to adjust the daily potential growth and
development and while ignoring the other stresses (Ritchie, J.T.,D.C. Godwin, and
S. Otter-Nacke. undated. Documentation for CERES-Wheat. 193 p., Dept. of Crop
and Soil Science, Michigan State University).
The limiting factor concept was derived from evaluating yield experiments
from around the world. On a world-wide scale, if water is major limiting factor in
an environment where wheat is grown, then it is often so limiting that wheat does
not respond to nitrogen fertilization. Likewise, in many third world countries where
water is less limiting, growers do not use nitrogen fertilizer. Then, nitrogen stress
can be so severe that the crop does not respond to added irrigation. Under the
conditions in which a DSS would be used in Oregon, however, nitrogen and water
stress will often be present together in a mild form. The concept of a limiting factor
algorithm has never been tested directly in such circumstances. Therefore, this work
was undertaken to evaluate the combined effects of nitrogen and water stress on
growth and development of wheat.
To make such an evaluation one must be able to control both nitrogen and
water supplies to the plant. Furthermore, the detailed response of the plant must be
measured. We decided to study the response of wheat in controlled environment3
chambers to varying levels of nitrogen and water supplies and at various stages
during growth of the plant.
Various systems have been used to control water supply to plants, such as
adding measured quantities of water to potted plants, growing plants in osmotically
controlled nutrient solution (Davidson and Chevalier, 1987) or by differential
irrigations in field studies (Stark and Long ley, 1986). None of those methods give
sufficiently accurate control of water stress for our purposes, or in case of osmotic
solutions, some of osmoticum (large-molecule polyethylene glycole) is taken up by
the plant and is toxic (Lawlor, 1970). A method designed by Snow and Tingey
(1985) and tested further by Wookey et al. (1991) appeared to have the capability of
the fine control of water stress needed for our purposes. Therefore, we evaluated
the Snow and Tingey system for controlling both nitrogen and water stress in wheat.
This thesis has been written in the format of scientific journal articles. The
six chapters except for chapter 1 and chapter 6, are manuscripts for journal articles.
Chapter 1 is introduction and chapter 6 is an overall evaluation of the experimental
results and suggestions for future use of Snowcones.
Chapter 2 describes the potential of Snowcones to apply controlled supply of
nitrogen and water to wheat at particular growth stages. The potential of the system
is illustrated by an example of mild nitrogen and water stress applied to wheat during
tillering.
Chapter 3 evaluates the main effects and interaction of nitrogen and water
supply during tillering on growth and development processes of wheat plants.
Separating the effects of these two environmental variables on these two processes is
important because nitrogen and water have no substitutes in the essential role they
perform in plant growth and development.4
Chapter 4 focuses on the effects of nitrogen and water stresses on yield and
yield components of wheat when plants experience these two stresses during the later
part of their growing season. The specific objective of this paper was to examine the
action and interaction of these two environmental variables on grain yield under
varying levels of nitrogen and water supplies. Factors responsible for yield
differences are discussed.
Chapter 5 compares the extent to which nitrogen and water stress influence
the leaf water potential and leaf temperature in a controlled environment during
rapid growth and development of the wheat plant. Diurnal measurements were
performed to evaluate the effect of nitrogen and water stress on leaf water potential
and leaf temperature of spring wheat plants at different growth and development
stages.5
CHAPTER 2
SIMULTANEOUS APPLICATIONS OF CONTROLLED LEVELS OF NITROGEN AND WATER
STRESS TO WHEAT
INTRODUCTION
A system of imposing controlled plant water stress levels to growing plants
was developed by Hann and Barfield (1971) and adapted by Snow and Tingey
(1985). Their system consists of a plant rooting medium separated from a column of
floral foam by a fme mesh nylon cloth (root screen). The cloth conducts water to
the roots readily, but the roots cannot traverse it. The floral foam is a fine-
structured medium which has a large water-holding capacity, but a low hydraulic
conductivity. At its lower end, the floral foam column is in contact with a water
table (a nutrient solution), which is open to atmospheric pressure. The fme structure
of the foam excludes air and permits the water in the foam column to be under
negative pressure. Snow and Tingey (1985) reported that the matric potential at the
root surface is governed by;
a) the pathlength from the roots to water table;
b) the hydraulic conductivity of the foam column;
c) the transpiration rate of the plant.
By adjusting the height between the root screen and the water table the
pathlength for transport of water in the foam column can be altered and a negative
pressure can be applied to the water in the foam column. The hydraulic conductivity
of the floral foam decreases as negative pressure is applied. The "pull" of
evapotranspiration also applies a negative pressure to the column. The hydraulic6
conductivity of the column can also be altered by inserting ceramic discs into the
foam column. Ceramic discs calibrated for flow rates are available commercially
(Soil Moisture Equipment Co., Santa Barbara, CA). Snow and Tingey (1985)
suggest that the system enables water stress to develop in the rooting medium in a
pattern which closely mimics how water stress develops in soil under field
conditions, resulting in plants which respond to stress in a manner similar to field
grown plants.
In this paper we will refer to the Snow and Tingey system as 'Snowcones'.
Snow and Tingey (1985) reported on the use of Snowcones to apply controlled water
stress to sunflowers for a period of 23 days. Tingey et al. (1987) used Snowcones to
apply controlled water stress to bush beans grown to maturity in outdoor, open-
topped chambers. Wookey et al. (1991) evaluated the system for growing
sunflowers under controlled water stress. In addition, Snowcones have been used
successfully by the Corvallis Environmental Research Laboratory of the U.S. En-
vironmental Protection Agency (EPA) to study both short and long-term water stress
in several species, ranging from soybeans to tree species (David Tingey, EPA,
Corvallis, OR, personal communication).
We desired to apply controlled levels of both nitrogen and water stress to
wheat. Since nitrogen supply in the field is a function of both the nitrogen
concentration in the soil solution (Mengel and Kirkby, 1987) and the rate of water
uptake by the plants (Nicolas et al., 1985), it seemed to us that Snowcones could be
used to quantitatively control both stresses.
This paper evaluates Snowcones as a system to impose controlled levels of ni-
trogen and water stress to wheat. The sensitivity and reproducibility of the system is
illustrated by an example of nitrogen and water stresses applied to wheat seedlings
for 20 days at tillering.7
MATERIALS AND METHODS
We constructed 45 Snowcones, following the design of Snow and Tingey
(1985). A sketch of major elements of Snowcone is shown in Fig. 2.1. The floral
foam column consisted of four 10 cm diameter by 8 cm long cylinders of floral foam
(no. 6 cylinders, Smithers-Oasis, Kent, OH), placed end to end. Before use, the
foam cylinders were selected for uniformity of absorption and retention of water.
We did this by first setting them upright in 1 cm of water and observing the height
to which the water rose in the cylinders. We selected only those in which the water
rose uniformly to the top of the cylinder. Those cylinders were then immersed in
water for 24 h, removed, drained for 24 h, and weighed. Only those cylinders
which weighed more than 550 g after draining were used in the experiments. About
65 % of the cylinders as received from the vender were selected for use by this
procedure. The remainder of the cylinders apparently contained larger voids. They
absorbed water poorly and readily lost a large amount of their saturated water
content when left to drain. Before use, the cylinders were washed to remove soluble
impurities by immersing in water for 24 h, and then draining for 1 h, repeated 6
times.
The holder for the floral foam column was a section of commercial
polyvinykhloride (PVC) pipe, 11.0 cm inside diameter and 35 cm long, cemented at
the base to a lcm thick PVC plate. The rooting medium was contained in a 10.7 cm
outside diameter, 15 cm long piece of PVC pipe (1250 cc volume) which fit inside
the floral foam holder. A precut piece of Nitex nylon cloth was draped over the top
of a foam cylinder and the top of the cylinder was inserted 1 cm into the bottom of
the root medium holder, resulting in a tight fit, and holding the rooting medium in
place. We will refer to that unit (the root medium holder and one floral foamPlant
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cylinder, separated by the nylon cloth) as the plant sleeve. The plant sleeve could
then be filled with the root medium, the seed planted and the sleeve treated as
desired, similar to any potted plants, before the sleeve was placed on the apparatus
for imposition of stress treatments. That procedure allowed many plant sleeves to be
seeded, the seed to germinate, and the plants be grown to the stage when we desired
to impose stress treatments. At that time uniform plants could be selected for the
stress experiments.
The plant sleeves slipped readily inside the foam column holders to form
Snowcones. The foam cylinder of the sleeve pressed firmly against the ceramic
disc, if the treatment called for one, or against the top-most of the three floral foam
cylinders already loaded into the foam cylinder holder. The nature of the floral
foam material was such that an air tight connection to the ceramic plate or the floral
foam and a continuous water column were obtained. The plant sleeves were held
firmly in place within the floral foam holder by a 1 cm wide, 0.5 cm thick, open-
cell foam gasket (commercial foam weather stripping), cemented to the outside of
the plant sleeve. When the plant sleeve unit was mounted on the foam cylinder to
complete the Snowcones, the gasket fit tightly inside the foam cylinder holder and
pressed the nylon cloth firmly against the floral foam holder to prevent roots from
escaping.
The floral foam holder was attached by tubing to a small nutrient solution
reservoir in which the solution level was maintained constant by an inexpensive float
valve. The nutrient solution was supplied to the float chamber from a large
reservoir. The large reservoir and the float chamber were mounted on threaded rods
so their height relative to the foam column could be adjusted.10
CALIBRATION OF SNOWCONES FOR APPLYING WATER STRESS TO WHEAT
To calibrate the Snowcones to impose desired levels of water stress on wheat
plants we planted three seeds of Yecora Rojo spring wheat (Triticum aestivum L.) in
each plant sleeve, using sand as the potting medium. The plant sleeves were placed
in a growth chamber at 20 °C day/night temperature and irrigated as needed with a
modified Long Ashton complete nutrient solution (Hewitt, 1966), containing 12
mmol N, 1.3 mmol P, 4 mmol K, 4 mmol Ca, 1.5 mmol Mg, 1.6 mmol S, 10 gmol
Mn, 1.0 gmol Zn, 50 gmol B, 1.4 mmol Na, 100 gmol Fe, 100 gmol Cl, 0.5 ktmol
Mo, and 22 gmol Na2EDTA. We used FeSO4 and Na2EDTA to supply iron, in
place of the citrate recipe in the Long Ashton formulation. When the first leaf had
fully expanded, the plants were thinned to one plant per sleeve. The plants were
grown in a growth chamber with optimum water supply until the third leaf emerged,
at which time the sleeves were placed in the floral foam holders and the stress
treatments established.
We first conducted a calibration experiment with 3 replications, using height
differentials (pathlengths) between the root screen and the water table of 3, 6, 9, 12,
15, 18, 21 and 24 cm. That experiment was conducted in a growth chamber at a
constant day/night temperature of 20 °C. The photoperiod was 14 h at a PPFD of
with 400 gmol m-2 s-1. The experiment was continued for 60 days, at which time
the wheat was in the late stage of grain-filling. None of the treatments showed any
visible signs of water stress. The only significant differences among treatments were
between the 21 and 24 cm differential heights, compared to the 3 and 6 cm heights,
which had 40% fewer tillers and 30% less biomass. It was obvious that height
differentials alone, within the limits allowed by the Snow and Tingey design, did not
change the pathlength and the hydraulic conductivity of the foam column sufficiently
to appreciably affect the rate at which water was supplied to the wheat roots. Thus,11
it was apparent that use of Snowcones as designed by Snow and Tingey (1985)
would require the use of ceramic discs in the floral foam column to impose water
stress on a single wheat plant.
In a second calibration experiment, conducted in a manner similar to the first
one, we set the height differentials for the optimum water supply at 4 cm, and for
stress treatments at 12 cm with ceramic discs rated at 0.5, 1, 3, 9, and 15 "bars" (air
exclusion values) installed between the plant sleeves and the remainder of the floral
foam column. Water stress was lethal to the wheat plants in 3 to 5 days in
treatments which had ceramic discs rated at 9 and 15 "bars". Thus, only ceramic
discs of 0.5 to 3 "bars" were considered for further experiments. The remainder of
the treatments were carried through to maturity, and tiller counts and grain and straw
yields were taken. The remaining treatments were:
W0 (Optimum water supply): The water table was maintained 4 cm below the root
screen, with no ceramic discs.
Wm (Medium water supply): The water table was maintained 12 cm below the root
screen, with a "0.5 bar" ceramic disc (10.5 cm diameter; calibrated
flow rate of 180 ml/ (hr cm2 atm); Soil Moisture Equipment Co.,
Santa Barbara, CA, Catalogue # 604 D04-B .5M2) inserted between
plant sleeve and the uppermost foam cylinder in the plant sleeve
holder.
WL (Low water supply): The water table was maintained 12 cm below the root
screen, with "1 bar standard" ceramic disc (flow rate of 2 ml/ (hr cm2
atm); Catalogue # 604 D04-B1M1) inserted between plant sleeve and
the uppermost foam cylinder in the plant sleeve holder.
Ws (Severe water stress): The water table was maintained 12 cm below the root
screen, with a "3 bar" ceramic disc (flow rate of 1 ml/ (hr cm2 atm);12
Catalogue # 604 D04-B3M1) inserted between plant sleeve andthe
uppermost foam cylinder in the plant sleeve holder.
The plants were grown to maturity. Tillers were counted and strawand grain
yield and yield components were measured. The results are shownin Table 2.1.
The plant responses show a wide range of water stress overthe treatments. There
was more than a 10-fold range innumber of tillers/plant and straw yield and more
than 30-fold range in grain yield/plant. The severe stressaffected all traits
measured, and the drastic effect on yield was a combination of theeffects on
tillers/plant, kernels/spikelet and mean kernel weight, with the greatesteffect being
on tillers/plant.
These results convinced us that Snowcones could indeed be used tostudy the
effects of water stress on single wheat plant. It seemed probablethat the system
could be adjusted to regulate stress at any desired level.Therefore, we proceeded to
evaluate Snowcones for imposing controlled levels of nitrogen stress onwheat.
CALIBRATING SNOWCONES TO APPLY NITROGEN STRESS TO WHEAT
We used the same procedure for germinating and growingplants to the third
leaf stage as was used for the water stress calibration experiments, except we grew
four plants/sleeve, anticipating that the process of inducing stressin small wheat
plants might be overwhelmed by residual nitrogen in the systemfollowing a change
to the stress inducing nutrient solution. An optimum watersupply as determined in
the water stress calibration experiments (water table 4 cm below the root screen) was
used in the nitrogen calibrations. Different levels of nitrogen stress wereobtained
by varying the nitrogen concentrations in the Long Ashton nutrient solutions.Table 2.1. Grain yield and yield components of Yecora Rojo spring wheat subjected to water stress.
Water Tillers/ Spike lets Fertile Kernels/ Kernels/ Kernel Grain Straw
levels plant /ear spikelets
/ear
fertile
spikelet
ear weight yield yield
(no.) (mg) (g/plant)
Ws 2.0a 15.00a 13.70a 2.06a 28.25a 25.00a 1.41a 2.25a
WL 7.6b 16.72a 15.71a 2.54b 40.05b 30.63ab 9.06ab 9.44b
Wm 17.0c 16.37a 15.80a 2.64bc 41.79bc 38.88bc 28.01c 18.71c
W0 23.0d 16.56a 16.00a 2.78bcd44.56bcd51.43cd 52.70d 28.60d
Within each column means followed by the same letter are not significantly different (P <0.05).14
The following nitrogen concentrations were used:
No
N2
N4
N6
N8
N12
N14
0 mmol N.
2 mmol N.
4 mmol N.
6 mmol N.
8 mmol N.
12 mmol N.
14 mmol N.
To maintain K and Ca concentrations in nitrogen stress treatments in the
Long Ashton formulation, we used K2SO4 as the K source and CaCO3 as the Ca
source to replace the K and Ca nitrate salts.
The results are given in Table 2.2. There was about a 5-fold range in grain
yield, straw yield and tillers/plant over the nitrogen concentrations. There was no
advantage of nitrogen concentrations greater than 12 mmol. Tittering was
suppressed in the N8 compared to the N12 treatment, but that effect was only on
tertiary tillers. Grain yields were not enhanced by N concentrations greater than 8
mmol. The straw yield/plant was less in the N8 than in the N12 treatment, probably
because of the effect of nitrogen stress on the late, tertiary tillers.
These results showed that Snowcones could be used successfully to impose
controlled levels of nitrogen stress on wheat.
SIMULTANEOUS CONTROL OF NITROGEN AND WATER STRESS
We conducted an experiment to study the effect of combinations of levels of
water and nitrogen stresses on tittering in spring wheat. Detailed results of that
experiment are given in Ashraf et al. (1992b). Here we show only the effect of mild
nitrogen and water stresses, alone and in combination, on the number of tillers/plant.15
Table 2.2. The influence of nitrogen concentration in the nutrient solution on tillers
per plant, and on grain and straw yield per plant of Yecora Rojo spring wheat.
Nitrogen levels Tillers/plant Grain yield Straw yield
(no.) (g/plant)
No 1.75 1.67 1.85
N2 3.62 3.83 3.88
N4 5.62 5.77 4.96
N6 6.37 8.05 6.41
Ns 7.75 9.85 8.92
N12 10.37 9.42 11.78
N14 8.62 8.92 10.08
LSD (0.05) 1.76 2.51 2.9516
Single Yecora Rojo spring wheat plants were germinated and grown to the 3-
leaf stage in plant sleeves, with optimum nitrogen and water, as described above for
the water stress calibration experiment. When the third leaf was first visible, the
plant sleeves were mounted on the Snowcones and the treatments were imposed.
Optimum water level in the Snowcones (W0) was set at a height differential of 4 cm
between the root screen and the water table. The water stress treatment (WL) height
was 12 cm, with a "1 bar standard" ceramic disc inserted in the floral foam column.
The nutrient solution for the optimum nitrogen (N0) was 12 mmol N and for the
nitrogen stress treatment (NO was 2 mmol N. For the 2 mmol N treatment the
floral foam column was immersed in the nutrient solution for 24 hours to allow the
floral foam to equilibrate with the solution, drained and the pathlength set at 12 cm.
The treatments were continued for 20 days.
Figure 2.2 shows the time course for tillers/plant during the experiment. The
effect of the water stress treatment was immediate and, by day 4, there was a
difference in the number of tillers/plant, which became progressively greater over
time. The effect of the nitrogen treatment on these single, small wheat plants was
not observed until day 17, when the plants had increased in size, and had used up the
residual nitrogen in the plant and floral foam column. After that, the four treatments
were clearly distinguishable in the number of tillers/plant and the fmal number of
tillers/plant was significantly different between all four treatments. The effects of
both nitrogen and water stress could be seen clearly. Water stress had the greater
impact on tillering, but nitrogen stress affected tillering in both the WL and W0
treatments.
These results show that the Snowcones can be used to impose both nitrogen
and water stresses simultaneously to wheat plants. The nitrogen stress in this25 17
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Figure 2.2. The time course of tillering of Yecora Rojo spring wheat in
combinations of optimum and low nitrogen and water supplies.18
example were just beginning, due to the short duration of the experiment and the fact
that we used single, small plants. Even so, the results were reproducible; even the
small differences in tiller number between No and Ni. treatments were significant.
The coefficient of variation for tillers/plant in this experiment was 14%.
We conclude that Snowcones are an excellent system to use to study
combinations of water and nutrient stresses in single wheat plants during various
growth stages.19
CHAPTER 3
CONTROL OF TILLERING IN SPRING WHEAT BY NITROGEN AND WATER SUPPLIES
INTRODUCTION
Tillering is a crucial process in determining wheat (Triticum aestivum L.)
yield. The process is highly sensitive to both nitrogen deficiency (Masle, 1985) and
water stress (Stark and Long ley, 1986). Specific information on the action of and
the interaction between these two environmental factors is lacking. Wheat crop
growth and development models such as CERES-Wheat treats nitrogen and water
stresses as limiting factors (Ritchie, J.T., D.C. Godwin, and S. Otter-Nacke.
undated. Documentation for CERES-Wheat. 193 p., Dept. of Crop and Soil
Science, Michigan State University). For each day the model calculates a stress
index for temperature, nitrogen and water, compares the magnitude of the indices,
and then adjusts the calculated daily potential growth using the index of the most
severe stress, while ignoring the other stresses. That procedure may not be valid for
the tillering process in wheat which is extremely sensitive to several stress factors.
Snow and Tingey (1985) described an apparatus to provide careful control of
the water supply to plants. Ashraf et al. (1992a) showed that the apparatus could be
used to control both nitrogen and water supplies to wheat. This work was
undertaken to study the effects of nitrogen and water supply treatments applied
during tillering in spring wheat on progress toward flowering and on growth.
To evaluate the effects of nitrogen and water stresses on tillering, it is
important to distinguish between growth and development. This distinction is useful20
because several environmental factors, including nitrogen or water supplies, affect
the two processes differently.
In the embryo of a wheat seed the first three or four leaves have already been
initiated (Kirby and Appleyard, 1987). Three additional leaf primordia have been
initiated by the time the first leaf tip emerges from the soil. For a spring wheat in
an inductive photoperiod, the collar (the first floral primordium, Delecolle et al.,
1989) is initiated soon after seedlings emergence, before the first leaf is mature, at
primordium position seven or eight on the main stem (Hay and Kirby, 1991). Thus,
at flowering wheat will have a minimum of six or seven leaves on the main stem. In
constant environments, those leaves will appear in equal thermal-time intervals or
phyllochrons (Kirby and Perry, 1987; Cao and Moss, 1989a,b). The first tiller will
appear during the maturation of leaf three, about three phyllochrons after the
appearance of the first leaf and subsequent primary tillers appear at regular
phyllochrons thereafter (Kirby et al., 1985; Masle, 1985). That same orderly
sequence applies to the appearance of secondary and tertiary tillers and of leaves on
those tillers (Hay and Kirby, 1991), which are offset in thermal time from the main
stem by an amount that reflects the time offset when the initials were laid down.
This orderly appearance of leaves and tillers in unstressed plants provides a sensitive
system on which to measure the effect of stress on both growth and development
during tillering.
We will define growth in the context of tillering, as the activation of cell
division in buds to start tiller growth, the extension of the tillers, expansion of area
of leaves, or an increase in biomass. Development will be defined as progress
toward flowering. The delay or failure of a tiller to appear provides a means to
assess stress effects on growth. The rate of leaf appearance on the main stem
provides a measure of the progress toward flowering.21
Growth: Both water and nitrogen stresses impact growth adversely. Klepper
et al. (1982) and Rickman et al. (1983) reported that for winter wheat growing in a
water-stressed environment, the appearance of particular tillers was delayed in
thermal time, and, in some cases, the coleoptilar, secondary and tertiary tillers did
not develop at all.Stark and Long ley (1986) found that the timing of irrigations had
a strong effect on tiller density in spring wheat. Tillers which developed under
optimal soil moisture conditions were more uniform and reached maximum
populations over relatively short degree-days intervals. Soil water deficits delayed
main stem tillers, causing their appearance to occur over longer intervals. They also
found that dry soil conditions severely inhibited growth of the coleoptilar tiller. Roy
and Gallagher (1985) observed that drought delayed tiller emergence such that some
secondary and tertiary tillers failed to develop in their normal thermal-time window.
Davidson and Chevalier (1987) grew spring wheat in nutrient solutions and reported
that increasing the osmotic concentration of the nutrient solutions to induce water
stress delayed tiller emergence and reduced the number of tertiary and quaternary
tillers that were produced. However, the number of primary and secondjy tillers
was not affected by treatments.
Ha lse et al. (1969) found that nitrogen stress also decreased the rate of tiller
emergence. Camberato and Bock (1990) studied the effect of enhanced ammonium
supply on spring wheat tillering and reported that tillers appeared earlier as ammonia
supply increased. Roy and Gallagher (1985) found that nitrogen stress decreased the
duration of tiller production. Similar cessation of tillering in barley has been
reported by Aspinall (1961) when nutrient supplies were withdrawn. Bauer et al.
(1984) and Bauer et al. (1987) found that tillers/plant increased as the N fertilization
rate increased. Thus, whether or not a tiller will develop at a particular nodal
position is strongly affected by both nitrogen and water supply.22
The studies cited above report that the area of individual leaves, leaf
area/plant and biomass of leaves, tillers, and plants are strongly affected by both
nitrogen and water supplies. Part of the effect on plant biomass is due to effects on
the presence or absence of particular tillers. However, both nitrogen and water
stress may have a strong, direct effect on growth because they can have direct effects
on net assimilation (Heitholt et al., 1991).
Progress towards flowering: Leaf number on the main stem in wheat is a
linear function of thermal time under a wide range of environments (Baker et al.,
1980; Kirby et al., 1985; Bauer et al., 1984; Rickman et al., 1985; Baker et al.,
1986). Stark and Longley (1986) reported that main stem development was linearly
related to cumulative degree-days and was not affected by irrigation timings.
Nitrogen supply apparently did not affect main stem leaf appearance rate
(Malse, 1985; Frank and Bauer, 1982; Biscoe and Willington, 1985; Camberato and
Bock, 1990). Thus, it appears that progress toward flowering in wheat is not
impacted by either nitrogen or water supplies, under many different conditions.
In studies of both nitrogen and water supplies, Bauer et al. (1984); Bauer et
al. (1987) and Davidson and Campbell (1983) found that soil water level and N
fertilizer rates had no effect on development rate of wheat. Deldcolle et al. (1989)
concluded, however, that some unidentified factors in addition to temperature
affected leaf emergence rates. Baker et al. (1986) reported that, under extreme
drought, maturity of wheat was accelerated and the phyllochron value was lower and
Halse (1969) found a similar response to nitrogen. Differences in canopy
temperature of up to 8 °C have been measured in field plantings between well-
watered and water-stressed plant (Blum et al. 1983) and differences of up to 4 0C in
canopy temperatures have been measured between fields optimally supplied with N
and fields under N stress (Seligman et al. 1983). In the latter case, the canopy23
temperature increase was sufficient to account for the accelerated leaf emergence
rate. Thus, the accelerated rate of leaf emergence reported in some studies where
severe stress was present may have been a result of an increase in the crop canopy
temperature.
The objective of this experiment was to study the combined effects of
controlled nitrogen and water supplies on growth and progress toward flowering
during tillering in spring wheat.24
MATERIALS AND METHODS
A system designed by Snow and Tingey (1985) to apply controlled levels of
water stress to plants was adapted by Ashraf et al. (1992a) to control the supply of
both nitrogen and water to wheat. The units, which we call Snowcones, control
water supply by regulating the pathlength through and hydraulic conductivity of a
column of floral foam cylinders which supplies water to the root zone of a plant
sleeve. The hydraulic conductivity of the floral foam columns can be altered by
applying a negative hydraulic head to the column, by using ceramic discs of varying
porosity within the floral foam column, or a combination of the two. The pathlength
can be altered by adjusting the height of the nutrient solution reservoir which
supplies nutrient solution to the foam column, which also applies a negative head to
the floral foam column. The nitrogen supply can be controlled by altering the
concentration of nitrogen in the nutrient solution that makes up the water supply.
The control of nitrogen and water in this system is sufficiently sensitive that the
effects of stress on single wheat plants at particular growth stages can be evaluated.
The Snowcones consist of a plant sleeve, which contains the rooting medium,
separated from a floral foam cylinder by the nylon root screen, and a plant sleeve
holder, which contains the remaining cylinders of the floral foam column and the
nutrient solution. The nutrient solution is supplied from an adjustable height nutrient
solution reservoir. A negative hydraulic head can be applied to the floral foam
column and pathlength in the floral foam can be changed by adjusting the height of
the reservoir. A 20 pm mesh nylon root screen separates the rooting medium from
the floral foam column and allows nutrient solution to enter the root medium
unimpeded, but prevents the roots from entering the floral foam.25
In this experiment, we planted three seeds of Yecora Rojo spring wheat in
each plant sleeve. The plant sleeves were placed in a growth chamber at a constant
20 °C day/night temperature and irrigated as needed with modified Long Ashton
complete nutrient solution (Hewitt, 1966), containing 12 mmol N, 1.3 mmol P, 4
mmol K, 4 mmol Ca, 1.5 mmol Mg, 1.6 mmol S, 10 gmol Mn, 1.0 gmol Zn, 50
gmol B, 1.4 mmol Na, 100 gmol Fe, 100 Amol Cl, 0.5 gmol Mo, and 22 gmol
Na2EDTA. We used FeSO4 and Na2EDTA to supply iron, in place of the citrate
recipe in the Long Ashton formulation. When the first leaf had fully expanded, the
sleeves were thinned to one plant per unit. The plants were grown with optimum
water supply until the third leaf emerged, at which time the sleeves were placed in
the floral foam holders and the nitrogen and water supply treatments were
established.
All combinations of three nitrogen supply levels and three water supply levels
were used, giving nine treatments.
The water levels used were:
Wo (Optimum water supply): The water table was maintained 4 cm below
the root-screen interface, with no ceramic plate in the floral foam
column.
Wm (Medium water supply): The water table was maintained 12 cm below
the root-screen interface and a"1 bar hizh flow" ceramic plate (10.5
cm diameter; flow rate of 50 ml/ (hr cm2 atm); Soil Moisture
Equipment Co., Santa Barbara, CA; Catalogue # 604 D04-B1M3)
was installed between the plant sleeve and the uppermost foam
cylinder in the plant sleeve holder.
WL (Low water supply): The water table was maintained 12 cm below the
root screen and a "1 bar standard" ceramic plate (flow rate of 2 ml/26
(hr cm2 atm); Catalogue # 604 D04-B1M1) was installed between the
plant sleeve and the uppermost foam cylinder in the plant sleeve
holder.
The nitrogen treatments were imposed by varying the N concentration of the
nutrient solutions, as follows:
No (Optimum nitrogen supply) : 12 mmol N.
NM (Medium nitrogen supply):6 mmol N.
NI_ (Low nitrogen supply) :2 mmol N.
To maintain K and Ca concentrations in 6 and 2 mmol nitrogen treatments in
the Long Ashton formulation, we used K2SO4 as the K source and CaCO3 as the Ca
source to replace the K and Ca nitrate salts.
The rooting medium and the floral foam cylinder which was a part of plant
sleeve were initially saturated with a modified full-strength Long Ashton solution.
The plant sleeves were then watered as needed with complete nutrient solution until
third leaf on main stem was first visible. At that stage, sleeves containing single
uniform seedlings were selected and were mounted on plant sleeve holders to form
the Snowcone units. To initiate the nitrogen treatments, the Snowcones were filled
with the appropriate nutrient solution and were kept saturated for 24 h to allow the
foam columns to equilibrate with the nutrient solution. The units were drained and
the Snowcone reservoir height was then adjusted to establish the water supply
treatments.
Three replications of each treatment were placed in a growth chamber at a
constant 20 °C day/night temperature and at a daytime quantum flux of 400 Amol
m-2 s-1 (400-700 nm), with a 14 h daylength. The Snowcones were placed in the
chamber in a fully random design.27
The number of leaves on each culm was recorded daily from the third leaf
stage until the first node on the main stem was visible, using the Haun scale (Haun,
1973) as expanded by Klepper et al. (1982). The main stem growth stage was
recorded as the number of fully-expanded leaves on the main stem plus the fractional
length of newest developing leaf, relative to its predecessor. Individual tillers were
numbered acropetally according to the leaf with which they were associated (Klepper
et al., 1982). The Haun leaf number for tillers was also recorded daily. A constant
day/night temperature of 20 °C was maintained in the growth chamber during the
time course of the experiment. Thermal time (degree-days) was calculated by
cumulating 20 degree-days per day, using 0 °C as the base temperature (Gallagher,
1979).
Leaf emergence rates for main stem and tillers were derived from linear
regressions of leaf number on cumulated degree-days. The mean leaf emergence
rates for the main stems and for individual tillers were compared among treatments
using Statgraphics multiple regression procedure, with thermal time as the
explanatory variable (X), leaf number as the dependent variable (Y), and treatments
as the indicator variable. A significant (P = 0.05) thermal time by treatment
interaction indicates nonparallel regression lines of Y on X for treatments.
The number of tillers/plant were summed at the conclusion of the experiment
(without regard to size) and the total leaf area per plant was measured, using a Li-
3100 leaf area meter (Li-cor, Inc., Lincoln, Nebraska). Between 12:00 and 17:00 h
on the day the experiment was terminated the leaf water potential was measured on
the second youngest main stem leaf of each plant, using a pressure chamber (PMS
Instrument Co., Corvallis, OR). A 5-cm-long segment of the leaf was excised,
trimmed to 5 mm width, which included the midrib, and placed in the gland of the
pressure chamber for measurements. The mean of measurements on three leaf28
segments was taken as the water potential for each treatment. The plants were then
harvested and separated into leaf blades, stems and leaf sheathes, and roots, and the
dry weights measured after oven-drying for 24 h at 75 °C. The nitrogen
concentration of leaf blades was determined using an Auto-Analyzer (Alpkem Corp.,
Wilsonville, OR), technical method number 334-74A/A, the determination of N in
acid digests, utilizing a dialyzer.29
RESULTS AND DISCUSSION
The effects of the treatments on growth and on progress toward flowering are
discussed separately.
Growth: Table 3.1 shows the effect of the nitrogen and water treatments on
plant height and the dry weight of the plants and their constituent parts. The main
effects of the water treatments were significant for dry weights of all plant organs
and there was a small effect on plant height. Averaged over nitrogen treatments, the
dry weight/plant was reduced by 19% in the medium and 30% in the low water
supply treatments, compared to the optimum treatment. All plant organs were
affected to about the same degree.
In contrast, the nitrogen treatments had no effect on biomass production in
this experiment. The procedure used to set up the nitrogen levels in the Snowcones
apparently left considerable residual nitrogen in the system, which was utilized
slowly by the small, single wheat plant in each Snowcone. Therefore, nitrogen
stress was induced slowly and was apparent in the plant response only toward the
end of tillering, too late to affect biomass. Nitrogen stress probably could have been
established earlier in the tillering period if the floral foam in the plant sleeve had
initially been saturated only with the appropriate treatment nutrient solution, rather
than a full-strength Long Ashton nutrient solution. Thus, the results of this
experiment should not be interpreted to mean that nitrogen stress does not affect
biomass production; rather, the nitrogen stress occurred too late in the experimental
period and was too mild to affect the plant dry weight by the time the experiment
was terminated.
The leaf water potential estimated from pressure chamber measurements for
the nine treatments, taken at the end of the experiment, are given in Table 3.2. The30
Table 3.1. The effect of nitrogen and water supplies on mean plant height, and on
leaf, stem, and plant dry weights of Yecora Rojo spring wheat.
Treatments Plant height Leaf thy
weight
Stem dry
weight
Biomass/
plant
(cm) (g/plant)
No Wo 45.76 2.83 1.74 6.02
No Wm 44.66 1.83 1.29 4.43
NoWL 41.00 1.92 0.91 3.53
NmWo 42.83 2.55 1.32 4.74
NMWM 42.26 2.17 1.37 4.44
NMWL 41.83 2.04 1.20 4.29
NLWO 42.16 2.47 1.77 6.04
NLWM 43.50 1.92 1.60 4.74
NLWL 39.16 1.64 1.13 3.86
N and Water levels Means
No 43.81 2.19 1.31 4.66
NM 42.31 2.25 1.29 4.49
NL 41.61 2.01 1.50 4.88
Wo 43.58 2.62 1.61 5.60
Wm 43.47 1.97 1.42 4.54
WL 40.66 1.87 1.08 3.90
LSD(0.05)
N NS NS NS NS
W 2.48 0.43 0.34 0.95
N x W NS NS NS NS31
Table 3.2. The effect of nitrogen and water supplies on leaf area, number of tillers
per plant, leaf N and leaf water potential of Yecora Rojo spring wheat.
Treatments Leaf area Tillers/plant Leaf N Leaf water
potential
(cm2) (no.) ( %) (MN)
No% 789.51 20.66 5.82 -0.76
No Wm 641.96 15.66 5.85 -1.38
NoWL 472.42 12.66 5.59 1.55
NmWo 699.34 18.66 5.55 -1).83
NMWM 584.38 13.66 5.09 -1.33
NMWL 520.26 12.66 4.81 -1.41
NLW0 716.09 17.66 4.16 -1.05
NLWM 544.79 12.66 3.87 -1.27
NLWL 414.24 10.00 4.40 -1.37
N and Water levels Means
No 634.60 16.33 5.75 1.23
NM 601.03 15.00 5.15 1.18
NL 558.30 13.44 4.14 -1.21
Wo 734.90 19.00 5.18 -0.86
Wm 590.30 14.00 4.93 - 1.32
WL 468.97 11.77 4.93 1.44
LSD(0.05)
N NS 2.02 0.36 NS
W 84.16 2.02 NS 0.09
N x W NS NS NS 0.1632
pressure chamber did not work well on wheat leaves, and the values for leaf water
potentials listed in Table 3.2 all appear to be too low. None of the plants wilted
during the experiment and there was little leaf senescence in any treatment. A value
of about0.2 MPa would be more reasonable for leaf water potential of optimum
water treatments (Nobel, 1991) and a range over all treatments of perhaps0.2 to
0.8 MPa, rather than the0.8 to -1.4 MPa range calculated.
From both the appearance and response of the plants, we concluded that the
degree of water stress in the low water supply treatment was medium and that it was
mild in the medium water supply treatment. The pressure chamber measurements
did not show a difference between the water potentials in the medium and low water
supply. There were no significant differences between the medium and low water
supply treatments in dry weights of the whole plants or of the leaves. However, leaf
area and tiller number differed in those two treatments. This suggests that cell
division and cell expansion were more sensitive to water stress than was
photosynthesis.
Both leaf area and tiller number were reduced by 36% in the low water
supply, averaged over nitrogen treatments, compared to the optimum water supply.
This suggests that the major cause of the reduced leaf area was the effect of water
stress on the number of tillers, not a direct effect on the expansion of leaves. The
reduced leaf area, in turn, would appear to be the cause of the reduced biomass,
rather than an effect of the water stress on the photosynthesis of the leaves. In fact,
the leaf area was suppressed by water stress to a slightly greater extent than was
biomass (36% compared to 30% for biomass). The leaves on the water stressed
plants actually were somewhat more efficient in producing biomass, perhaps due to
less self shading. Thus, it appears that the major mechanism by which water stress
acted in this experiment was through its effect on tillering and its subsequent impact33
on plant leaf area. This apparent lack of a direct effect on photosynthesis and the
lack of any visible wilting of leaves in any of the treatments does indeed suggest that
the water stress, even in the low water supply treatment in these experiments, was
mild and the results emphasize the great sensitivity of tillering of wheat to water
stress.
The time course of tiller number/plant, averaged across nitrogen treatments,
is shown in Fig. 3.1. Although the main effects of water supply on tiller number
did not become significant until day 13 of the experiment, the treatment means
began to separate by the end of the first week, showing the great sensitivity of tiller
growth to water supply.
The only measured plant traits affected by the nitrogen treatments were the
tiller number/plant (Fig. 3.2) and the leaf nitrogen content. Although the nitrogen
effect came about slowly and the effects of nitrogen treatments were not significant
until day 17 of the experiment, the mean tiller number/plant at the end of the
experiment, averaged across water supply treatments was 18 % less in the low
nitrogen supply compared to the optimum nitrogen supply. The mean nitrogen
concentration in the leaves of the plants in the low nitrogen supply was 4.14%,
compared to 5.75% for the optimum N treatment (Table 3.2). These concentrations
suggest that the plants in the low nitrogen supply were just beginning to experience
nitrogen stress when tillering was completed and the experiment was terminated.
These results show that tiller growth is also very sensitive to N supply.
There was no significant interaction of nitrogen and water stresses on the
number of tillers produced. The independence of these treatment effects suggest
that, to accurately model crop canopy development when mild nitrogen and water
stresses are both present, both stresses must be considered. A single limiting factor20
34
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Figure 3.1. The time course of the effect of water supply on tiller number per plant
of Yecora Rojo spring wheat averaged over nitrogen supply treatments.18
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Figure 3.2. The time course of the effect of nitrogen supply on tiller number per
plant of Yecora Rojo spring wheat averaged over water supply treatments.36
concept would not be accurate during tillering, because the tillering process is so
sensitive to both nitrogen and water supplies.
Figure 3.3 gives a map of the tillers in the order in which they appeared,
showing the mean number of leaves produced on each tiller at each tiller position.
The number above the bars indicates the number of replicates in which the tiller was
found, if all three replicates did not have that particular tiller.
One of the major responses of wheat plants to nitrogen and water stresses is
that they fail to produce a tiller during the "window" in time when that tiller would
normally be produced. The effect can be seen clearly in Fig 3.3. Also, the
independent effect of nitrogen and water stresses on the production of tillers can be
seen by comparing the tiller maps across the various treatments. For example, the
effect of nitrogen supply can be seen by comparing the optimum, medium and low
nitrogen supplies across the low water supply treatments. At optimum nitrogen and
low water supply, tillers were found at all tiller positions out to T200, except at
position TOO. At the medium nitrogen supply and low water supply, only one tiller
was produced on only one plant beyond tiller position T21, T02 was absent and only
one in three plants had a tiller at the TOO and T30 positions. At the low nitrogen
and low water supply, only one in three replicates had tillers at positions beyond
position T11 and in position T01. No tillers were produced at positions beyond
T21. The same pattern of fewer and fewer tillers as the nitrogen supply decreased
can be seen at the other two water supply treatments. A similar comparison of the
effects of water supply at a given nitrogen supply shows clearly that tiller growth is
extremely sensitive to both nitrogen and water stresses, and the effects are
independent and additive.8
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Figure 3.3. Map of leaf number per tiller for each combination of nitrogen and
water treatment at the conclusion of the experiment. Tillers along horizontal axis
are listed in the order in which they appeared.38
Development toward flowering: The rate of leaf appearance in this
experiment was not affected by either nitrogen or water supply. The leaf number on
the main stem (TM) for all nine treatments is shown in Fig. 3.4, plotted against
thermal time. As expected, the rate of leaf appearance was linear in thermal time.
Clearly, there was no effect of treatments on the main stem leaf appearance rates
(the slope of the curves).
Figure 3.4 also shows leaf appearance rates for main stem tillers. There was
some delay in the formation of T2 and T3 in the low nitrogen, low water supply
treatment, and T4 was missing in that treatment. Also, delay in the emergence of
the late-formed secondary tillers can be seen in Fig. 3.5a,b.
Table 3.3 gives the thermal time from sowing to the emergence of the tillers
from the leaf sheath, for the major tillers. In general, both nitrogen and water
stresses delayed tiller emergence. However, in the low N optimum water treatment,
(NLWO) there was an acceleration of appearance of late-formed tillers. This agrees
with results reported by others where nitrogen (Biscoe and Willington, 1985; Masle,
1985; Camberato and Bock, 1990) or water stress alone (Rickman et al., 1983; Stark
and Longley, 1986) or in combination (Frank and Bauer, 1982; Bauer et al., 1984,
1987) suppressed tiller bud growth, but did not affect the leaf emergence rate on
tillers once they began to grow. Klepper et al. (1982) has also reported that adverse
environmental conditions can delay the production of a tiller relative to phyllochron
window, or suppress it entirely. They also found that, once a tiller began growing,
it produced leaves at the same rate as the main stem, except in those tillers which
were stressed to the point where they were ready to abort.
Figure 3.4 and Fig. 3.5a,b also shows that the unfolding of the first two
leaves on each successive tiller was rapid, resulting in a significantly higher leaf
emergence rate of late-formed tillers (Table 3.4). Fletcher and Dale (1977) found39
Figure 3.4. Leaf number on main stem and primary tillers of Yecora Rojo spring
wheat as a function of thermal time.220 260 300 340 380 420 460
THERMAL TIME (Degree-Days)
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Figure 3.5a,b. Leaf number on selected secondary tillers of Yecora Rojo spring
wheat as a function of thermal time.x
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Table 3.3. Thermal time from sowing to emergence of major tillers of Yecora Rojo
spring wheat among nitrogen and water supply treatments.
Treatments
Tiller
order
Nowo NOWM NOWL NmWo NMWM NmWL NL.Wo Ni_Wm NL.WL
(Degree-days)
T1 280 280 280 280 280 280 280 280 280
T2 340 340 360 34.0 360 340 320 340 360
T10 380 380 400 380 400 380 380 380 380
T20 420 440 440 440 440 420 420 440 440
T3 420 440 440 440 440 440 420 440 440
T11 440 480 500 460 460 460 420 440 480
T100 520 560 560 500 520 500 480 520 560
T4 540 560 580 560 560 560 540 560
T21 540 560 600 560 540 580 520
T30 540 560 540 580 52044
that first and second leaves of late tillers developed to an advanced stage within the
subtending leaf sheath and the second leaf appeared very soon after the emergence of
the first leaf.
The average leaf emergence rates for individual tillers for all nine treatments
are given in Table 3.4. The table shows clearly the remarkable constancy in thermal
time of leaf emergence rates for all the early-formed tillers, the only tillers that
would survive to maturity in a field planting. The leaf emergence rates for late-
formed tillers are complicated by the delayed appearance and rapid growth of first
two leaves. Therefore, the linearity of the leaf emergence in thermal time is less
exact for them.
The average value for the rate of leaf emergence across the treatments was
0.013 leaves/degree-day (77 degree-days/leaf) for main stem and tillers Tl, T2, T3,
T10,and T11. This is similar to that found by Cao and Moss (1989a), Rickman et
al. (1985) in controlled conditions and Bauer et al. (1987) under field conditions.45
Table 3.4. Leaf emergence rates in thermal time for different order tillers of Yecora
Rojo spring wheat under three levels of nitrogen and three levels of water. Leaf
emergence rates of late-formed tillers are greater because of accelerated emergence
of the first two leaves (see text).
Treatments
Tiller
order
Nowo Nowm NowL NmWo NmWm NmWL NLwo NI .Wm NI _WI_
(Leaves/degree-days)
TM 0.0130.0130.013 0.013 0.0130.0130.0120.013 0.012
T1 0.0130.0130.0130.013 0.0130.0130.0130.013 0.013
T2 0.013 0.0130.013 0.013 0.0120.0130.0130.013 0.013
T10 0.013 0.013 0.013 0.013 0.0130.0120.0120.012 0.012
T20 0.015 0.0150.0150.0150.0140.0140.0140.0140.013
T3 0.015 0.0150.0150.0130.0150.0140.0140.0150.014
T11 0.0110.0140.0150.0140.0140.013 0.0140.0120.014
T1000.0140.013 0.0200.0150.0190.015 0.0130.0140.010
T4 0.0260.025 0.0420.0180.0270.033 0.0220.035
T21 0.0180.0260.0120.0190.0230.028 0.0210.026
T30 0.0230.025 0.0250.0210.0300.0210.0200.022 -46
SUMMARY
In our experiment, neither nitrogen nor water supplies affected progress
toward flowering during the tillering process in spring wheat. However, both
nitrogen and water supplies had large effects on the number of tillers produced,
which, in turn, had a major impact on biomass production. The effects of nitrogen
and water supplies on biomass production were independent when the stresses were
mild, suggesting that, to accurately model tillering under mild stress conditions, both
nitrogen and water stresses should be considered. A 'law of the minimum' concept
would not be adequate to model the effects of these stresses when both stresses are
mild.47
CHAPTER 4
THE EFFECT OF NITROGEN AND WATER STRESSES DURING FLOWERING AND GRAIN-
FILLING ON YIELD AND YIELD COMPONENTS OF SPRING WHEAT
INTRODUCTION
We have been evaluating the potential of the CERES-Wheat Crop Growth
and Development model as a core for a decision support system for wheat farmers.
The CERES-Wheat uses a 'law of minimum' concept to model the effects of
environmental stresses on potential daily production of dry matter (Ritchie, J.T.,
D.C. Godwin, and S. Otter-Nacke. undated Documentation for CERES-Wheat 193
p., Dept. of Crop and Soil Science, Michigan State University). For each day the
model calculates stress indices for nitrogen, water and temperature, compares the
magnitude of the indices, and then adjusts the calculated daily potential growth using
the index of the more severe stress, while ignoring the other stresses. That
procedure has seemed valid in evaluations of the model, using data sets from around
the world (Otter-Nacke, et al., 1987), perhaps because, in general world agriculture,
if lack of water is a major stress in an environment it is often so dominant that it is
immaterial how much nitrogen is available to the plant, and vice versa. Under
careful management of wheat crops, however, mild nitrogen and water stresses will
often be present together. Little quantitative information is available to evaluate the
appropriate way to model these stresses under such conditions.
Many studies have shown that both nitrogen and water stresses restrict the
yield of wheat. Black low and Incoll (1981) investigated the effects of low N supply
applied from jointing through maturity, on grain yield and yield components of48
winter wheat. They reported that the low N treatments yielded 26% less than the
high N treatments. The major determinant of the difference in grain yield was
ears/m2. All N treatments had the same density of ear-bearing culms at the jointing
stage. However, 17% of culms in the low nitrogen treatment aborted between
internode elongation and anthesis. Low N did not influence kernels/ear or mean
kernel weight, despite the large differences in grain yield. Bruckner and Morey
(1988) found that the yield advantage of higher N fertilization rates of winter wheat
was due to increases in ears/m2 and kernels/ear, but kernel weight decreased in
response to added nitrogen. Darwinkel (1983) applied nitrogen to wheat at different
growth stages. Nitrogen applied at Feekes stage 39 (flag leaf collar just visible)
improved late-formed tiller survival and increased spikelet fertility, resulting in more
ears and kernels/m2. Power and Alessi (1978) reported similar results with wheat
cultivars under semi-arid conditions. Morris and Paulsen (1985) also reported
similar results, except in their study enhanced N fertilization increased fertile
ears/plant more than it did kernels/spikelet. Camberato and Bock (1990) reported
that enhanced ammonium supply in nutrient solution culture increased the number of
ears/plant and the number of fertile spikelets/ear, but had no effect on mean kernel
weight.
Several investigators have studied the combined effects of nitrogen and water
stress on wheat yields. Agamennoni (1983) determined the effects of N and water
stress on dry matter production and yield components of soft white winter wheat
grown under miffed culture in a low rainfall area. He reported that an increase in N
supply caused an increase in both dry matter production and grain yield, but a
reduction in kernel weight. The yield increase was primarily due to increased
ears/m2. Water stress prior to grain-filling reduced kernel weight in the high N
treatments. Frank and Bauer (1984) reported increased wheat yields as soil N and49
water levels increased, due to increased ears/m2, but spikelets/ear were not different.
Parameswaran et al. (1981) studied the interrelation between N and water supply on
wheat, with particular attention to water use, grain yield and yield components in
relation to time of application of N in controlled environments. They found that
grain yield/plant increased significantly as both N and water supply. There was a
significant interaction between the effects of these two variables on grain yield/plant
but the interaction on yield components was not significant. They concluded that the
supply of water was the major factor controlling yield and the response to applied N
was relatively greater under optimum water supply than under drought conditions.
Parameswaran et al. (1984) deferred N application to wheat until the main culm
apex was at the double ridge stage so as to apply water stress in the later half of the
growing season. There was no difference in grain yield between N levels at low
water supply but at optimum water supply, low N decreased grain yield by 30%,
largely due to effects on ears/plant. Both N and water stress treatments resulted in
fewer ears/plant. They also reported that kernels/ear was a component of the yield
response to water supply. Mean kernel weight was unaffected by N, but did respond
positively and significantly to water supply.
Campbell et al. (1977) reported increased tiller density and kernel weight
with increasing soil moisture content in winter wheat. In their water stress
treatment, high N rates did not affect kernels/ear, but caused a dramatic increase in
mean kernel weight and consequently, an increase in grain yield. Bauer et al. (1987)
measured grain yield, straw yield and yield components of three spring wheat
cultivars grown under three levels of N and three levels of water in 1981 and 1982.
In 1982, grain and straw yield increased as water or N levels increased, but the
interaction was also significant. Nitrogen had less effect as the soil moisture
decreased. In 1981, only the main effect of water was significant and N had no50
effect. They reasoned that the residual soil nitrogen was sufficient for the wheat in
1981, a drier year and the same trend was seen in 1982 at the lower level of water
supply. Eck (1988) applied water stress to wheat at tillering and jointing, heading
and grain-filling, and throughout the growing seasonEars/m2 and kernels/m2 and
grain and straw yields increased with increasing N fertilization rate, but mean kernel
weight decreased.
Campbell et al. (1981) studied the combined effects of temperature, N and
moisture stresses on winter wheat. They found no 3-way interactions, but the
interaction of nitrogen x moisture and temperature x moisture were significant on
kernels/plant and total grain yield. They found that the boot stage was the most
critical for moisture stress effects on grain yield. Moisture stress near boot stage
limited grain yield to such an extent that N levels became irrelevant.
These reports suggest that tiller density, spikelet fertility, and grain and straw
yield of wheat all increase, both with increasing N and water supply, except under
severe water stress. In that situation plant growth is severely restricted and its
response to nitrogen is minimal. These data on the interaction of nitrogen and water
stresses on yield and yield components were not obtained under carefully controlled
conditions, however. Ashraf et al. (1992a) described a system which is capable of
careful control of both nitrogen and water stress in single wheat plants. This work
utilized that system to evaluate the effects of both nitrogen and water stresses during
flowering and grain-filling in spring wheat.51
MATERIALS AND METHODS
The apparatus used to impose the nitrogen and water stress in this experiment
has been described in detail elsewhere (Ashraf et al., 1992a) and only a brief outline
will be presented here. The apparatus consists of a plant sleeve containing the plant
rooting medium, held in place by a root screen and a cylinder of floral foam, and a
plant sleeve holder which contains additional cylinders of floral foam. The floral
foam cylinders fit end-to-end to form a column through which the nutrient solution
supplying water and nutrients to the plant must pass. The plant roots are separated
from the floral foam column by a 20 gm mesh nylon screen, which allows nutrient
solution to enter the root medium unimpeded, but prevents the roots from contacting
the floral foam directly.
The units control water stress by regulating the pathlength through and
hydraulic conductivity of the column of floral foam. This is done by applying a
negative hydraulic head to the column, combined with use of calibrated ceramic
discs of varying porosity between the uppermost two cylinders of floral foam
column. The negative hydraulic head is applied to the floral foam column by
adjusting the height of a reservoir which supplies nutrient solution to the foam
column.
In this experiment, we planted three seeds of Yecora Rojo spring wheat in
each plant sleeve, using sand as the potting medium. The plant sleeves were placed
in a growth chamber at 20 °C day/night temperature and irrigated as needed with
modified Long Ashton complete nutrient solution (Hewett, 1966), containing 12
mmol N, 1.3 mmol P, 4 mmol K, 4 mmol Ca, 1.5 mmol Mg, 1 6 mmol S, 10 gmol
Mn, 1.0 gmol Zn, 50 gmol B, 1.4 mmol Na, 100 gmol Fe, 100 gmol Cl, 0.5 gmol
Mo, and 22 gmol Na2EDTA. We used FeSO4 and Na2EDTA to supply iron, in52
place of the citrate recipe in the Long Ashton formulation. After germination, the
plants were thinned to 1 plant per sleeve.
The wheat plants were grown in the sleeves until the first main-stem node
was visible. At that stage sleeves containing uniform plants were selected, mounted
on the plant sleeve holders, and ceramic discs were installed between the two upper
cylinders of the floral foam column as called for in the treatment schedule. The
floral foam columns were saturated with the appropriate nutrient solutions by
adjusting the nutrient level to the height of the root screen, and allowing it to stand
for 24 h to equilibrate within the foam column. The sleeve holder was then drained
and water supply levels were established by adjusting the nutrient reservoirs to the
appropriate height to give the three different treatments as follows:
W. (Optimum water supply): The water table was maintained 4 cm below
the root-screen interface, with no ceramic plate in the floral foam
column.
W. (Medium water supply): The water table was maintained 12 cm below
the root-screen interface and a "0.5 bar" ceramic plate (10.5 cm
diameter; flow rate of 180 ml/ (hr cm2 atm); Soil Moisture Equipment
Co., Santa Barbara, CA, Catalogue # 604 D04-B.5M2) was installed
between two uppermost foam cylinders in the floral foam column.
W, (Low water supply): The water table was maintained 12 cm below the
root screen and a "1 bar standard" ceramic plate (flow rate of 2 ml/
(hr cm2 atm); Catalogue # 604 D04-B1M1) was installed between the
two uppermost cylinders of the floral foam column.
The nitrogen treatments were imposed by varying the N concentration of the
nutrient solutions, as follows:
No (Optimum nitrogen supply) : 12 mmol N.53
NM (Medium nitrogen supply):6 mmol N.
NIL (Low nitrogen supply) :2 mmol N.
To maintain K and Ca concentrations in the 6 and 2 mmol nitrogen
treatments, we used K2SO4 as the K source and CaCO3 as the Ca source to replace
the K-and Ca-nitrate salts called for in the Long Ashton formulation.
Individual tillers were tagged and labeled as they appeared, using the
nomenclature suggested by Klepper et al. (1982). At harvest, head-bearing tillers,
ear length, fertile and sterile spikelets/ear, kernels/fertile spikelet, grain yield and
straw yield were recorded for each tiller position and the mean kernel weight and
aerial biomass were calculated. All plant traits measured were summed over tiller
positions to give plant totals. Data were analyzed using a multifactor analysis of
variance procedure (STATGRAPHICS Statistical Graphics System, 1991).
F-statistics for main effects and interactions were based on residual mean square
error. The LSD at P = 0.05 level was used for pair-wise comparisons.54
RESULTS AND DISCUSSION
The nitrogen and water supply treatments used in this experiment were
determined from a preliminary experiment on wheat seedlings. It was our intent to
have about equal degrees of stress for the two factors. The grain, straw and biomass
yields for the nine treatments are given in Table 4.1. An indication of the relative
degrees of nitrogen and water stress attained in these experiments can be seen by
comparing the effects of water treatments at the optimum level of N and the effects
of N treatments at optimum water supply. At the optimum N supply, the water
supply treatments were roughly linearly spaced, as judged by their effect on
biomass, the medium and low water supply treatments reducing biomass yields by 38
and 67%, respectively, compared to NoW0 treatment. At the optimum water
supply, the medium and low N supply treatments reduced yields by 15 and 54%
compared to NOW() treatment. Thus, the range of biomass yields over the water
stress treatments was somewhat greater than was the range over the nitrogen stress
treatments, but the greater difference was that the N supply treatment effects on
biomass were not linear. In fact, the difference in grain yields between the optimum
and medium N supplies at optimum water supply were not significantly different.
Thus, the N supply treatments did not result in the clear separation we had intended.
Grain yield/plant varied significantly with both N and water supply (Table
4.1). As with biomass, the response to water was relatively greater than the
response to nitrogen. The interaction of N and water on grain yield was also highly
significant, which can be seen in Fig. 4.1. At the optimum water supply, the grain
yield of the optimum and medium N supplies were not different, but the yield in the
low nitrogen supply was reduced by 54%. In the medium water supply, the grain
yields at both medium and low N supply were significantly lower than at optimum N55
Table 4.1. The effect of nitrogen and water stress treatments on average number of
tiller, aerial plant biomass, grain yield and harvest index per plants of Yecora Rojo
spring wheat.
TreatmentsTiller/plant Aerial Straw yieldGrain yield Harvest
biomass index
(no.) (g/plant)
No Wo 22.66 57.80 26.08 31.71 0.55
No Wm 18.00 35.93 17.83 18.09 0.50
NoWL 7.33 19.16 10.24 8.92 0.46
NmWo 22.00 49.07 20.12 28.94 0.59
NMWM 12.50 24.64 13.10 11.53 0.47
NMWL 4.00 11.40 6.10 5.30 0.46
NLWO 15.66 26.78 12.15 14.62 0.55
NLWM 12.00 27.09 11.38 15.70 0.57
NLWL 6.00 12.67 6.75 5.93 0.46
N and Water levels Means
No 16.00 37.63 18.05 19.57 0.50
NM 12.83 28.37 13.11 15.25 0.50
NL 11.22 22.18 10.09 12.09 0.53
wo 20.11 44.55 19.45 25.09 0.56
wm 14.16 29.22 14.11 15.10 0.51
WL 5.77 14.41 7.70 6.72 0.46
U313(0 .05)
N 2.60 7.94 3.85 4.23 NS
W 2.60 7.94 3.85 4.23 0.02
N x W NS 12.72 NS 6.76 0.0335
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Figure 4.1. The effect of nitrogen and water stress treatments on grain yield per
plant of Yecora Rojo spring wheat.
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supply, but the yield at NL was significantly greater than the yield at NM. However,
at the low level of N supply, the yields at both optimum and medium water supplies
treatments were significantly greater than the yield at low water supply, but not
different from each other. There were no significant differences between any N
supply treatments in the low water supply. Thus, only at severe water stress, did the
'law of minimum' concept appear to be valid for grain yield. At less severe water
stress, however, at all levels of N, both N and water affected grain yield.
Parameswaran et al.(1981, 1984) also found a similar significant interaction between
the effects of N and water treatments on grain yield of wheat.
The main effects of decreasing N and water supplies, caused a decrease in
straw yield similar to the decrease in biomass and grain yields. Straw yield/plant
was reduced 27 and 60% in the Wm and WL treatments, relative to Wo, and 27 and
44% in NM and NL treatments, relative to No. These results are similar to those
obtained by Eck (1988) and Bauer et al. (1987).
The nitrogen and water stresses were imposed at the time the first node on
the main stem became visible. In field plantings that normally corresponds to the
end of tillering (Roy and Gallagher, 1985). However, in the growth chamber,
where the temperature was controlled at 20 °C, tillering was still an active process at
that time. The time course of tillers/plant is shown in Fig. 4.2. There were some
differences in the tillers/plant at the beginning of the experiment, such that the
NMWM treatment averaged two tillers/plant more than the NLWL treatment (the
extremes). These data are without regard to tiller size and, although the tiller
number differed, the plants in the various treatments were uniform in size and
appearance. However, in those plants in which more tillers had emerged it was also
probable that more tiller initials were already laid down. By the sixth day of the
treatments, there were large differences in tillers/plant. This shows the strong58
control of tiller initiation by nitrogen and water, as we found in a previous
experiment (Ashraf et al.,1992b).
Both nitrogen and water stress also had a strong effect on tiller survival. That can
also be seen in Fig. 4.2. The tillers/plant at harvest differed as a result of the
combination of the effect of stresses on tiller initiation and on tiller survival. In
turn, the yield component which had the largest effect on grain yield was the number
of fertile tillers/plant at harvest. Power and Alessi (1978) also reported that N
application increased tiller survival when wheat plants experienced water stress
during the later part of the season.
Despite the fact that there was a six-fold range in grain yield among
treatments, the harvest index was relatively constant. The harvest index decreased
as water supply decreased but the main effects of N supply under the medium water
supply were not significant. There was a significant interaction between N and
water supply. Two treatments, Nm Wo and NLWM had significantly higher harvest
index than the others. In both treatments tillers/plant were low, but kernel size was
large. This agrees with the results of Sprat and Gasser (1970), who found the
straw/grain ratio was much narrower under irrigation than under dry conditions and
partially agree with the results of Campbell et al. (1977), who reported that N levels
did not influence the straw/grain ratio under optimum water supply but narrowed the
straw/grain ratio at higher N levels under dry conditions.25
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Figure 4.2. The effect of nitrogen and water stress treatments on tiller survival of
Yecora Rojo spring wheat.60
The characteristics of the ears are given in Table4.2.In contrast to the
effects of N and water supplies on ear-bearing tillers, their effects on kernels/ear
were slight. There was no significant difference in main effects of nitrogen on
kernels/ear between theNoand NM treatments and the NL was only reduced by 10%.
Water supply had no effect on the number of fertile spikelets/ear and the effect of N
was slight. The main effects of both N and water treatments on kernels/fertile
spikelet were significant and there was also a significant interaction. There were no
differences in kernels/fertile spikelet among theWo, WM,No, and NM treatments,
but the NL treatments had significantly fewer kernels/fertile spikelet, while the WL
treatments had more kernels/fertile spikelet.
The number of kernels/plant were affected strongly by the N and water
treatments, being 19.50 and43.16%less in NM and NL levels compared toNoand
27.36and66.72%less in WM and WL levels compared to theWolevel. The
primary reason was the effect of N and water supply levels on number of tillers
surviving to maturity (Table4.1).The number of tillers/plant and the number of
kernels/plant were almost equally affected by water stress levels, but NL level caused
about a30%greater reduction in number of kernels/plant than in tillers/plant. This
was due to 12% fewer fertile spikelets/ear and 12% fewer kernels/fertile spikelet in
those treatments.
The main effects of the N and water supply treatments on kernel size were
also relatively less than the effects on tillers/plant. Nevertheless, the effects were
significant. Mean kernel weights in the WM and WL treatments were14and 19 %
less than theWotreatments, respectively. There were no effects of the NM
treatments on the mean kernel weight, compared to theNotreatments, but the kernel
weights in the NL treatments were 10% greater.61
Table 4.2. The effect of nitrogen and water stress treatments on ear length and ear
components of Yecora Rojo spring wheat grain yield.
Treatments EarKernelSpike letFertileKernelKernelKernel
length/plant /earspikelet/fertile/ear weight
/earspikele
(cm) (no.) (mg)
NoW0 8.72 786.66 17.72 14.98 2.28 34.71 40.45
No Wm 8.94 579.00 18.94 16.13 1.99 32.20 31.02
NoWL 9.72 266.33 19.73 17.15 2.11 36.66 33.13
NmWo 8.17 693.66 17.29 14.74 2.08 31.43 41.79
NMWM 9.09 439.00 19.56 17.37 2.04 35.48 26.78
NMWL 10.19 181.00 19.88 18.50 2.52 46.94 29.21
NLWO 8.09 400.66 17.77 14.41 1.76 25.68 36.54
NLWM 8.50 348.33 18.93 15.46 1.84 28.83 45.09
NLWL 8.41 178.50 18.16 13.83 2.12 29.75 33.99
N and Water levels Means
No 9.13 544.00 18.80 16.09 2.13 34.52 34.86
NM 9.15 437.88 18.91 16.87 2.21 37.95 32.60
NL 8.33 309.16 18.29 14.57 1.91 28.09 38.54
wo 8.33 627.00 17.59 14.71 2.04 30.61 39.59
Wm 8.84 455.44 19.14 16.32 1.96 32.17 34.30
Wi., 9.44 208.61 19.26 16.49 2.25 37.78 32.11
LSD(0.05)
N 0.54 113.47 NS 1.88 0.17 5.79 2.84
W 0.54 113.47 1.06 NS 0.17 5.79 2.84
N x W NS NS NS NS 0.27 NS 4.5662
These results are similar to the fmdings of several authors (Bucker and Morey,
1988; Power and Alessi, 1978; and Eck, 1988) that N stress decreased grain yield
but increased kernel weight when plants experienced water stress during the later
part of the season.
Ear length decreased as the N supply decreased, but increased as the water
supply decreased. The average ear length was significantly shorter in the low N
supply treatments and significantly longer in low water supply treatments, compared
to the other N and water supply treatments. The longer average ear lengths in the
low water supply treatments were probably due to the fact that in those treatments,
few tillers survived. Therefore, there was less intraplant competition for assimilates
during ear formation.
The pattern of tiller survival in the nine treatments is shown visually in the
tiller maps given in Fig. 4.3. The mean grain yield/tiller of surviving tillers at all
tiller positions, if a tiller survived at that position in any replicate, are shown in the
order in which the tiller appeared. The effects of treatments on both tiller survival
and mean tiller yield can be seen clearly by comparing across treatments in Fig. 4.3.
It is obvious that most of tillers of secondary and tertiary origin were either not
formed at all or failed to survive to maturity as a result of N and water stress.
The yields per tiller, separated into main stem and subtillers are given in
Table 4.3. The yields of the main stem, of main stem tillers Ti and T2, and
subtillers T10 and T11 were not affected by the treatments, and T3 was affected
only by the water supply treatments. These were the most advanced tillers present
when the treatments were imposed and they survived in some replicates in all the
treatments.
Kernel weight by tiller position for all treatments are shown in Table 4.4.
Note that the interaction of nitrogen and water treatment on kernel size was63
significant for late-formed main stem tillers and for all the subtillers. These
interactions are the primary cause of the yield interaction shown in Fig. 4.1.2
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Figure 4.3. The effect of nitrogen and water stress treatments on mean tiller grain
yield and pattern of tiller survival of Yecora Rojo spring wheat. Tillers along the
horizontal axis are listed in the order in which they appeared.65
Table 4.3. The effect of nitrogen and water stress treatments on grain yield of main
stem tiller of Yecora Rojo spring wheat and on the major subtiller which survived.
TreatmentsTM
Main stem tillers
T10T11
Sub-tillers
T12 T1T2T3T4 T30T21
(g)
No% 1.381.131.541.491.60 1.381.191.611.661.57
No Wm 1.531.4.01.301.301.00 1.311.260.770.720.92
NoWL 1.551.211.311.16- 1.161.20-
NmWo 1.761.291.651.641.52 1.491.541.521.551.48
NMWM 1.551.331.031.150.76 0.990.900.300.550.28
NMWL 1.681.471.220.84 0.950.97 -
NLWo 1.451.291.211.180.62 1.041.170.680.770.74
NLWM 1.841.691.601.471.00 1.171.310.801.141.16
NLWL 1.571.121.320.70 0.980.47
N and Water level Means
No 1.481.241.381.321.30 1.281.221.191.191.25
NM 1.661.361.301.211.14 1.141.140.911.050.88
NL 1.621.371.371.120.81 1.060.990.740.950.95
Wo 1.531.231.461.441.25 1.301.301.271.331.26
Wm 1.641.471.311.310.92 1.161.160.630.800.79
WL 1.601.271.280.90 1.030.88
LSD(0.05)
N NS NS NS NS0.32 NS NS 0.25NS0.24
W NSNS NS0.330.32 NS NS 0.250.340.24
N x W NSNS0.38NS0.43 NS NS0.480.660.4666
Table 4.4. Influence of N and water stress treatments on mean kernel weight of
main stem tillers of Yecora Rojo spring wheat and subtiller survived to maturity.
Main stem tillers Sub-tillers
TreatmentsTMTi T2 T3T4 T10T11T30T21T12
(mg)
NoW0 35.3249.6946.9247.5446.00 47.3452.2640.8344.1142.55
No Wm 41.6241.1040.8437.4031.84 35.3833.9024.1126.3427.63
NoWL 40.5333.6132.5132.13 31.7733.81
NmWo 46.4447.9246.5045.7647.03 45.7044.7141.1540.2641.35
NMWM 38.8231.7126.5229.3621.96 28.7923.9813.8619.7814.00
NMWL 31.4430.8027.0527.09 26.3827.05
NLWo 39.5139.1838.9940.0944.35 36.7436.3932.0033.7633.61
NLWM 48.0347.5747.6944.4345.02 43.6945.2342.5242.6640.06
NLWL 42.3634.8533.8432.54 30.6628.00
N and Water level Means
No 39.1541.4640.0939.0238.92 38.1639.9932.4735.2335.09
NM 38.9036.8133.3634.0734.49 33.6231.9127.5030.0227.67
NL 43.3040.5340.1739.0244.68 37.0336.5437.2638.2136.83
Wo 40.4245.6044.1444.4645.79 43.2644.4538.0039.3739.17
Wm 42.8240.1238.3537.0632.94 35.9534.3726.8329.5927.23
WL 38.1133.0831.1330.58 29.6029.62
LSD(0.05)
N NS NS 4.37 NS4.99 NS NS4.554.874.80
W NS 8.084.374.993.93 4.957.553.863.974.07
N x W NS NS 7.007.516.30 7.2010.105.056.145.3367
SUMMARY
Both N and water supply levels exerted strong control on the yield of wheat.
The grain yield of late-formed tillers were affected by N and water stress treatments
to a much greater degree than were the yields of earlier-formed tillers. There were a
significant main effects of both N and water stress levels on number of tillers which
survived to maturity. In the absence of canopy competition, the effects on tiller
initiation and survival were the major mechanisms by which the yield (wheat plants)
responded to nitrogen and water supplies. Both the number of fertile spikelets/ear
and number of kernels/fertile spikelet decreased as a result of nitrogen stress. There
was also a significant interaction of N and water supplies on yield, which was due
primarily to their interaction on mean kernel weight. At the medium and optimum
water supplies, the plants responded to varying N levels. At the low water supply,
the effects of N supply levels became irrelevant and a 'law of minimum' concept
adequately described the response of wheat. At less severe stress, however, it seems
necessary to consider the effects of both N and water to describe the response of
wheat yields to these stresses.68
CHAPTER 5
INTERACTION OF NITROGEN AND WATER SUPPLY ON LEAF WATER POTENTIAL AND
LEAF TEMPERATURE OF SPRING WHEAT
INTRODUCTION
Plant nitrogen status influences a plant's reaction to water deficit. Several
reports indicate that nitrogen-deficient, water-stressed plants maintain higher leaf
water potential than do nitrogen-sufficient plants (Tesha and Eck, 1983; Yambao and
O'Toole, 1984; Wolfe et al. 1988; Ghashghaie and Saugier, 1989). However,
Bennet et al. (1986) suggested that high-N maize plants were less affected by water
stress than were low-N plants. They maintained lower osmotic potential and a
higher pressure potential. Morgan (1986) found higher leaf water potential and a
greater relative water content in low-N, water-stressed wheat plants than in high-N,
water-stressed plants. There was a greater desiccation of high-N plants as leaf water
potential decreased. Differences in canopy temperature of up to 8 degree °C have
been measured in the field between well-watered and water-stressed wheat plants
(Blum et al. 1983) and differences of up to 4 degree °C in crop canopy temperatures
have been measured between fields optimally supplied with N and fields under N
stress (Seligman et al. 1983). The literature suggests that internal water relations of
plants subjected to water stress are altered, depending on the N level within the
tissue. The objective of this work was to study the interactive effects of nitrogen
deficiency and water stress on leaf water potential and leaf temperature during the
rapid growth and development of the wheat plants.69
MATERIALS AND METHODS
A system designed by Snow and Tingey (1985) to control water supply to
plants was adapted by Ashraf et al. (1992a) to also control the supply of nitrogen to
wheat plants. With these pieces of equipment, which we call "Snowcones", water
supply can be controlled by varying the pathlength through and hydraulic
conductivity of a column of floral foam which supplies water to the root zone. The
nitrogen supply can be controlled by varying the concentration of nitrogen in the
nutrient solution. We used the Long Ashton formulation for our complete nutrient
solution (Hewitt, 1966).
The nitrogen treatments imposed were, as follows:
No (optimum nitrogen supply) : 12 mmol N.
NL (Low nitrogen supply) :2 mmol N.
To maintain K and Ca Concentrations in 2 mmol nitrogen treatment, we used
K2SO4 as K source and CaCO3 as the Ca source to replace the K and Ca nitrate
salts called for in Long Ashton formulation.
The water supply levels were established by adjusting the nutrient reservoirs
to the appropriate height combined with ceramic plates in the floral foam column as
follows:
W. (Optimum water supply): The water table was maintained 4 cm below
the root-screen interface, with no ceramic disc in the floral foam
column.
WL (Low water supply): The water table was maintained 12 cm below the
root screen and a "1 bar standard" ceramic plate (flow rate of 2 ml/
(hr cm2 atm); Soil Moisture Equipment Co., Santa Barbara, CA,70
Catalogue # 604 D04-B1M1) was installed between the two
uppermost cylinders of the floral foam column.
Four seeds of spring wheat (Triticum aestivum L.) were sown in each plant
sleeve. When the coleoptile leaves were fully expanded, the seedlings were thinned
to two/plant sleeve. Plant sleeves were irrigated as needed with full-strength
nutrient solution until the third leaf on the main stem was visible. At that stage,
sleeves containing uniform plants were selected and were mounted on plant sleeve
holders to complete the Snowcones. To initiate N treatments the plant chamber of
Snowcones were filled with the nutrient solutions appropriate for the treatments and
kept saturated for 24 h to allow the foam column equilibrate with the nutrient
solution. Each unit was then drained and the appropriate nutrient reservoir height
was established. The treatments were factorially combined and three replications
were arranged in a completely random design in a growth chamber at 20 °C constant
day/night air temperature. The photoperiod was 14 h at a photon flux density of 400
kanol m-2 s-1 (400-700 nm).
A copper-constantan thermocouple (0.05 mm diameter) was inserted through
the lamina of uppermost fully-expanded leaf on one plant of each treatment in such
fashion that the thermocouple tip was appressed to the underside of the lamina. As
the plants matured, thermocouples were moved always be in the uppermost fully-
expanded leaf. All sensors were read automatically every minute continuously,
integrated for 15 minute intervals and 15-minute means values recorded on a CR 10
data logger (Campbell Scientific Co., Logan, Utah).
Leaf water potentials were measured at mid-tillering; near the end of the
Offing process; and at two times during grain-filling using Vapor Pressure
Osmometer (Model 1500b, Wescor Inc., Logan, Utah) which was calibrated before
each measurement with known solutions. The equilibration time for each sample71
was 90 minutes. At each measurement time, leaf water potential measurements were
made for each treatment at predawn (0400-0600), mid-day (1115-1430), late
afternoon (1500-1900) and early in the dark period (2000-2330). For earlier
measurements, the second-youngest, fully-expanded leaf was used and for later
measurements, we used the flag leaf. Leaf samples were taken from same leaf
through the course of the measurement day.
Data were analyzed by a multifactor analysis of variance procedure
(STATGRAPHICS Statistical Graphics System, 1991). F-statistics for main effects
and interactions were based on residual mean square error. The LSD at P = 0.05
level was used for pair-wise comparisons.72
RESULTS AND DISCUSSION
LEAF WATER POTENTIAL
Nitrogen and water stress treatments were initiated on 2 Nov. 1991 and by
day seventh of the experiment, leaves of plants subjected to low-N and optimum
water supply treatment became noticeably more yellow in color, compared to leaves
of high-N plants. The plants continued to become more N deficient until end of
experiment but severe yellowing of leaves in low-N low water supply treatment was
not observed. The diurnal leaf water potential measurements were performed on 19
Nov. The plants were 23 days old and were in the mid-tillering phase of
development at that time. The second leaf water potential measurements were made
when plants were 31 days old. At that time, the first node on main stem was visible
on 90% of plants.
The data showing the effects of N and water stress treatments are presented
in Table 5.1. The leaf water potential values in Table 5.1 all appear to be too low.
At full turgor, the pressure potential equals osmotic potential and osmotic potential
of the xylem sap is usually in the order of < -0.2 Mpa (Slatyer, 1967). We used a
90 minute equilibrium time for each leaf sample, and the sample chamber may not
have been at complete vapor pressure equilibrium with the leaf disc. Brown and
Oosterhuis (1992) suggest that it may require up to 4 h equilibrium time to achieve
vapor pressure equilibrium between a small amount of leaf tissue and air in the
sample chamber. However, the absolute values for treatments in Table 5.1 appear to
reflect true treatment differences, although these values appear to be too low.
Leaf water potentials were highest at the end of dark period. By midday they
were lower and lower yet in the afternoon before recovering somewhat in the dark.
As expected, the low water supply treatments had lowest leaf water potential values,
ranging during the time course of the day from 0.67 to 1.04 MPa on 19 Nov. and73
Table 5.1. The influence of nitrogen and water supply treatments on leaf water
potential of Yecora Rojo spring wheat.
Treatments
TimeN0W0 NoWL NLWo NLWLNo NL Wo WLLSD(0.05)
NW NxW
(MPa)
November, 19 (mid tillering)
Pre-
dawn
0.52- 1.250.501.10-0.89-0.80-0.511.18 NS0.21NS
Mid-
day
0.58- 1.520.751.90-1.05-1.33-0.67-1.71 0.280.28NS
Late
aftn
0.46- 1.66- 1.19-1.33-1.06-1.26-0.82-1.49 NS0.260.36
Early
dark
- 0.491.500.741.19-0.99-0.96-0.61- 1.35 NS0.210.30
November, 27 (near end of tillering)
Pre-
dawn
0.571.50- 0.521.78 1.041.150.551.64 NS0.28NS
Mid-
day
0.671.440.961.55 1.06- 1.26- 0.81- 1.50 NS0.29NS
Late0.572.401.421.81 1.481.61- 0.99- 2.10 NS0.260.37
Aftn
Early
dark
0.912.100.991.17 1.501.080.95- 1.63 0.240.240.34
December, 6 (early grain-filling)
Pre-
dawn
0.652.460.76- 2.02 - 1.56- 1.390.712.24 NS0.59NS
Mid-
day
0.862.14- 0.63- 2.34 1.501.490.752.24 NS0.61NS
Late
aftn
- 0.76- 1.790.812.44 1.271.620.782.11 NS0.71NS
Early
dark
0.681.36- 0.52- 2.45 - 1.02- 1.49- 0.60- 1.90 NS0.560.80
December, 15 (mid grain-filling)
Pre-
dawn
- 0.692.240.871.86 1.471.360.782.05 NS1.04NS
Mid-
day
0.742.36- 0.97- 2.24 - 1.55- 1.60- 0.862.30 NS0.35NS
Late
aftn.
0.651.80- 1.05-1.11-1.22-1.08-0.851.45 NS0.430.57
Early
dark
0.752.13- 0.62- 1.13 1.44- 0.88- 0.68- 1.63 NS0.92NS74
0.68to 1.11 MPa on27Nov. The intensity of water stress increased over time as
the plants grew and placed greater demand on the system and the leaf water potential
of low water supply treatments became more negative. The predawn leaf water
potential of water stressed plants was0.46MPa lower on27Nov. than that on 19
Nov. but the predawn leaf water potentials of the optimum water supply treatment
were same on the both of these dates.
At predawn and midday, the leaf water potentials were controlled primarily
by water supply, but in afternoon and during the dark period nitrogen supply became
important and there was a significant (nitrogen x water) interaction. As expected
plants in the NLW0 treatment had lower leaf water potential than plants in the NoW0
treatment. However, the leaf water potentials of plants with adequate N and low
water supply (NoWL) were more negative still compared to NLWL treatment.
The predawn flag leaf water potentials measured on6and 15 Dec., when the
plants were40and 50 days old respectively, were0.16MPa lower on6Dec. in
plants supplied with optimum water than they were in the earlier sampling, and were
0.6MPa lower in water-stressed plants. However, no further decrease in leaf water
potential occurred after6Dec., probably because the plants responded to stress by
shedding lower leaves, thus reducing transpirational surface area. The trends at
these later sample dates were similar to those observed in earlier measurements. The
low water supply treatments had lower leaf water potential values, with a range from
1.22to 1.53 MPa on6Dec. and0.6to1.44MPa on 15 Dec. On the later sample
dates, however, flag leaf water potentials were not influenced by nitrogen supply at
predawn, midday or dark, and there was no significant (nitrogen x water)
interaction. Although the magnitude of differences in flag leaf water potential of
low-N and high-N plants was not statistically significant, consistently more negative
flag leaf water potential was observed in NLW0 and NoWL treatments compared to75
NoW0 and NLWL treatments. Our results showing lower leaf water potential for
optimum-N, water-stressed plants are in agreement with the data presented for rice
by Yambao and O'Toole (1984); for young sweet corn leaves by Tesha and Eck
(1983); for maize by Wolfe et al. (1988) and for wheat by Morgan (1986), contrast
to the data presented for wheat by Morgan (1984). The decrease in leaf water
potential of plants in NLW0 treatment may have been due to differences in osmotic
potential. Morgan (1984) found consistently greater osmotic potential in well-
watered low-N wheat leaves.
The trend in leaf water potential during the time course of day and at various
growth stages suggests that Snowcones closely mimic field conditions and are
valuable for applying controlled levels of N and water stress.
LEAF TEMPERATURE
Leaf temperatures during the time course of the experiment for each
treatment at predawn, midday, afternoon, and in the dark period are given in Fig.
5.1. At predawn the leaf temperatures of water stressed plants and plants grown
with optimum water supply were the same. At midday, afternoon, and in the dark
period, however, the leaf temperatures of water-stressed plants were consistently
higher than leaf temperatures of plants in optimum water supply. Blum et al. (1983)
reported similar results. However, the difference in leaf temperature between water
stressed and non-stressed plants at the dark was less pronounced in our experiment.
Under water stressed conditions, an ample supply of nitrogen caused an increase in
leaf temperature. The leaf temperature of plants in the NoWL treatment was
consistently about 1 °C higher than that in the NLWL treatment during midday and
afternoon. Under the optimum water supply, plants in the INTLW0 treatment had
consistently lower leaf temperature, but the difference was less than 0.5 °C. These76
N deficiency effects on leaf temperature were not large. Seligman et al. (1983)
found much larger differences in the field, where evaporative demand was higher.
In summary, our results suggest that water stressed plants maintain lower leaf
water potential and higher leaf temperature than do plants in optimum water supply.
High-N, water-stressed plants had more negative leaf water potential and
consistently about 1 0C higher leaf temperature than in low-N, water-stressed plants.
We conclude that low nitrogen supply might be beneficial for wheat plants
attempting to survive water stress.20
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Figure 5.1. The effect of nitrogen and water supply on leaf temperature of Yecora
Rojo spring wheat during the time course of the experiment.78
CHAPTER 6
SUMMARY AND SUGGESTIONS
SUMMARY
A group of scientists at Oregon State University has been cooperating for
several years on research with the goal of designing and releasing to Oregon
farmers a sophisticated decision support system (DSS) for growing and marketing
wheat. An essential element of the DSS is the requirement for dynamic crop
growth and development models which, when driven by daily weather parameter
and grower management practices as inputs, can estimate the current condition of
the crop. The CERES -Wheat has been selected and is being evaluated for the
potential as a core crop model of Oregon State University DSS. To satisfy the
requirements of the DSS, a crop model must be able to accurately evaluate the
effect of environmental stresses on the daily growth and development of wheat crop.
The CERES-Wheat does that using a 'law of the minimum' algorithm. For each
day the crop is growing the model reads and interprets the daily weather parameters
(temperature, solar radiation, rainfall), and utilizing the initial nitrogen fertility
level of the soil and user input of any nitrogen added as fertilizer, calculates a
"stress index" on 0 to 1 scale for temperature, water, and nitrogen status of the
plant. The model then compares the magnitude of these stresses, uses the most
severe stress to adjust the daily potential growth and development, and ignores the
others stresses. Therefore, this work was undertaken to evaluate the combined
effects of nitrogen and water stress on growth and development of wheat.
To make such an evaluation one must be able to control both nitrogen and
water supplies to the plant. Furthermore, the detailed response of the plant to these
two variables must be measured at different growth stages.79
A system designed by Snow and Tingey (1985) for subjecting plants to a
range of water stress levels was adapted and evaluated for its potential to impose
controlled levels of both nitrogen and water stress to single wheat plants. Using a 4
cm pathlength and 12 mmol N in nutrient solution as optimum water and nitrogen
supply treatment; 2 mmol N in the nutrient solution as a nitrogen stress treatment
and using a 12 cm pathlength combined with a "1 bar standard" ceramic disc in the
floral foam column as a water stress treatment, for 20 days during tillering, resulted
in a 15 % reduction in tillers/plant for limits to the N supply alone, a 39 % reduction
for limits to the water supply alone, and a 52% reduction when both stresses were
imposed simultaneously. We concluded that this system provides a means for
subjecting single wheat plants to reproducible nutrient and water supply levels at
particular growth stages.
We evaluated the effects of nitrogen and water supplies and their interaction
during tillering on growth and on progress toward flowering of wheat. There was
no effect of nitrogen or water supply treatments on the rate of appearance of leaves
on the main stem, a measure of the rate of progress toward flowering. Both
nitrogen and water supplies had a strong effect on the number of tillers/plant which,
in turn, strongly affected plant biomass and its constituents parts (growth). The
effects were independent, suggesting that, to accurately model the wheat crop
canopy development when both mild nitrogen and water stresses are present, both
stresses must be considered. A limiting factor concept currently used in the
CERES-Wheat model would not be an accurate model for the process of tillering.
In order to evaluate the effects of nitrogen and water stresses during flowering
and grain-filling in spring wheat on grain yield and yield components, we imposed the
N and water stress treatment when first main-stem node was first visible. Grain yield
varied significantly with the level of both nitrogen and water supply. The interaction80
between nitrogen and water treatments on grain yield was also highly significant, which
was primarily due to their interaction on mean kernel weight. The major determinant
of grain yield was ears/plant at harvest. However, both nitrogen and water supplies
affected kernels/ear and nitrogen stress caused a reduction of 12% in both fertile
spikelets/ear and kernels/fertile spikelet. At an optimum water supply, the difference
between the effect of optimum and medium N supply on grain yield was not
statistically significant but yield in low N supply was reduced by 54%. In the medium
water supply, the grain yield at both medium and low N treatments were significantly
lower than at optimum N supply. There was no significant difference in yield between
nitrogen supply treatments in the low water supply treatments. Thus, under severe
water stress, a 'law of minimum' concept appeared to be valid, but under less severe
water and all N stress levels, both N and water supply affected grain yield.
The data on leaf water potential and leaf temperature during mid-tillering,
near end of tillering, early grain-filling and mid grain-filling stage showed that water
stressed plants maintain lower leaf water potential and higher leaf temperature than
do plants in optimum water supply. High-N, water-stressed plants had more
negative leaf water potential and consistently about 1 °C higher leaf temperature than
in low-N, water-stressed plants. No regular pattern of interaction between the
effects of N and water supply treatments was established during the time course of
the day. There was a significant interaction between N and water supply treatments
at earlier sampling date, in afternoon and during the dark period, but not at the later
sampling dates. We conclude that low nitrogen supply might be beneficial for wheat
plants attempting to survive water stress.
SUGGESTIONS
The Snowcones system is useful to study responses of wheat to water and
nutrient stresses. Here are few suggestions for future use of this apparatus.81
Uniformity of floral foam cylinders is an essential requisite for imposing
replicated water stress treatments. The use of dense floral foam cylinders (smaller
pore size) appears suitable when water stress treatments are imposed by differential
heights or by a combination of differential heights and ceramic discs. Ceramic discs
need careful calibration before use. Ceramic discs can be appraised by conducting
preliminary experiments. The use of larger root screens than used in my
experiments and absence of any wrinkles in the root screen would minimize the
chance of root escape downward into the floral foam column.
For nitrogen stress treatments, nutrients can be drained from plant sleeve to
reduce residual nitrogen in the rooting medium. A procedure to drain nutrients is:
Place floral foam cylinders in a 60 cm long PVC pipe of same diameter as of plant
sleeve holder. Mount the plant sleeve on the long cylinder, saturate it with water
for 24 h to establish a continuous water column and then drain the unit. The "pull"
of the 60 cm column appears to remove most of the nutrients from the foam
cylinders.
Pressure chamber and Vapor Pressure Osmometer have both been used to
measure water status in plants. The pressure chamber does not work well to
estimate water potential of young wheat leaves because leaf samples disintegrate in
rubber gland under pressure. The use of special gland might solve that problem.
Pressure chamber measurements are fairly reliable for middle-aged, fully-expanded
wheat leaves if leaf samples are prepared excluding midribs. The major concerns in
measuring water potential with a Vapor Pressure Osmometer is achieving complete
vapor pressure equilibrium between the sample and air within the chamber. For
diurnal measurements of leaf water potential, the use of thermocouple psychrometer
equipped with multi-sample chambers is proposed.82
Further research to quantify the effects of varying light intensity or plant
population on growth processes separately from development processes in a
controlled environment will illustrate the wheat plant reaction in a competitive field
environment. Moreover, the role of essential plant nutrients such as P and K in
growth and development of a plant can be examined using Snowcones.83
BIBLIOGRAPHY
Agamennoni, R.J. 1983. The effect of fertility level on plant growth and
development, water uptake and water stress in dryland wheat production.
M.S. Thesis. Oregon State University, Corvallis, Oregon.
Ashraf, M., D.N. Moss, and F.E. Bolton. 1992a. Simultaneous application of
controlled levels of nitrogen and water stress to wheat. Agron. J.
(submitted).
Ashraf, M., D.N. Moss, and F.E. Bolton. 1992b. Control of tillering in spring
wheat by nitrogen and water supplies. Agron. J. (submitted).
Aspinall, D. 1961. The control of tillering in barley plant. I. The pattern of tillering
and its relation to nutrient supply. Aust. J. Biol. Sci. 14:493-504.
Baker, J.T., P.J. Pinter, Jr, R.J. Reginato, and E.T. Kanemasu. 1986. Effect of
temperature on leaf appearance in spring and winter wheat cultivars. Agron.
J. 78:605-613.
Baker, C.K., J.N. Gallagher, and J.L. Monteith. 1980. Day length and leaf
appearance in winter wheat. Plant, Cell Environ. 3:285-287.
Bauer, A., A.B. Frank, and A.L. Black. 1984. Estimation of spring wheat leaf
growth rates and anthesis from air temperature. Agron. J. 76:829-835.
Bauer, A., A.B. Frank, and A.L. Black. 1987. Aerial parts of hard red spring
wheat. I. Dry matter distribution by plant development stage. Agron. J.
79:845-852.
Bennet, J.M., J.W. Jones, B. Zur, and L.C. Hammond. 1986. Interactive effects of
nitrogen and water stress on water relations of field grown corn leaves.
Agron. J. 78:273-280.
Biscoe P.V., and V.B.A. Willington. 1985. Crop physiological studies in relation to
Mathematical models. p. 257-269. In W. Day and R.K. Atkin (ed). Wheat
growth and modelling. Plenum Press, New York.
Black low, W.M., and L.D. Incoll. 1981. Nitrogen stress of winter wheat changed
the determinants of yield and the distribution of nitrogen and total dry matter
during grain filling. Aust. J. Plant Physiol. 8:191-200.84
Blum, A., J. Mayer, and G. Gozlan. 1983. Infrared thermal sensing of plant
canopies as screening technique for dehydration avoidance in wheat. Field
Crops Res. 5:137-146.
Brown, R.W., and D.M. Oosterhuis. 1992. Measuring plant and soil water potential
with thermocouple psychrometers: Some concerns. Agron. J. 84:78-86.
Bruckner, P.L., and D.D. Morey. 1988. Nitrogen effects on soft red winter wheat
yield, agronomic characteristics, and quality. Crop Sci. 28:152-157.
Camberato, J.J., and B.R. Bock. 1990. Spring wheat response to enhanced
ammonium supply: II. Tillering. Agron. J. 82:467-473.
Campbell, C.A., D.R. Cameron, W. Nicholaichuk, and H.R. Davidson. 1977.
Effects of fertilizer N and soil moisture on growth, N content, and moisture
use by spring wheat. Can. J. Soil Sci. 57:289-310.
Campbell, C.A., H.R. Davidson, and G.E. Winldeman. 1981. Effect of nitrogen,
temperature, growth stage and duration of moisture stress on yield
components and protein content of Manitou spring wheat. Can. J. Plant Sci.
61:549-563.
Cao, W., and D.N. Moss. 1989a. Temperature effect on leaf emergence and
phyllochron in wheat and barley. Crop Sci. 29:1018-1021.
Cao, W., and D.N. Moss. 1989b. Daylength effect on leaf emergence and
phyllochron in wheat and barley. Crop Sci. 29:1021-1025.
Darwinkel, A. 1983 Ear formation and grain yield of winter wheat as affected by
time of nitrogen application. Neth. J. Agric. Sci. 31:211-225.
Davidson, D.J., and P.M. Chevalier. 1987. Influence of polyethylene glycole-
induced water deficits on tiller production in spring wheat. Crop Sci.
27:1185-1187.
Davidson, H.R., and C.A. Campbell. 1983. The effects of temperature, moisture
and nitrogen on the rate of development of spring wheat as measured by
degree days. Can. J. Plant Sci. 63:833-846.
Delecolle, R., R.K.M. Hay, M. Guerif, P. Pluchard, and C. Varlet-Grancher.
1989. A method for describing the progress of apical development in wheat
based on the time course of organogenesis. Field Crop Res. 21:147-160.85
Eck, Harold V. 1988. Winter wheat response to nitrogen and irrigation. Agron. J.
80:902-980.
Fletcher, G.M., and J.E. Dale. 1977. A comparison of main stem and tiller growth
in barley: apical development and leaf-unfolding rates. Ann. Bot. 41:109-
116.
Frank, A.B., and A. Bauer. 1984. Cultivar, nitrogen and soil water effects on apex
development in spring wheat. Agron. J. 76:656-660.
Frank A.B., and A. Bauer. 1982. Effects of temperature and fertilizer N on apex
development in spring wheat. Agron. J. 74:504-509.
Gallagher, J.N. 1979. Field studies of cereal leaf growth. I. Initiation and expansion
in relation to temperature and ontogeny. J. Exp. Bot. 30:625-636.
Ghashghaie, J., and B. Saugier. 1989. Effects of nitrogen deficiency on leaf
photosynthetic response of tall fescue to water deficit. Plant, Cell and
Environ. 12:261-271.
Halse, N.J., E.A.N. Greenwood, P. Lapins, and C.A. Boundy. 1969. An analysis
of the effects of nitrogen deficiency on the growth and yield of a Western
Australian wheat crop. Aust. J. Agric. Res. 20:987-998.
Hann, C.T., and B.J. Barfield. 1971. Controlling the soil moisture environment of
transpiring plants. Plant and Soil 35:439-443.
Haun, J.R. 1973. Visual quantification of wheat development. Agron. J. 65:116-
119.
Hay, R.K.M., and E.J.M. Kirby. 1991. Convergence and Synchronya Review of
the coordination of development in wheat. Aust. J. Agric. Res. 42:661-700.
Heitholt, J.J., R.C. Johnson, and D.M. Ferris. 1991. Stomatal limitation to carbon
dioxide assimilation in nitrogen and drought-stressed wheat. Crop Sci.
31:135-139.
Hewitt, E.J. 1966. Sand and water culture methods used in the study of plant
nutrition. Second Edition.Technical Communication No. 22 (Revised).
Commonwealth Agricultural Bureaux, Farnham Royal, Bucks, England.86
Kirby, E.J.M., and M. Appleyard. 1987. Development and structure of wheat plant.
p. 287-311. In 'Wheat Breeding'. F. G.H. Lupton (ed). Chapman and Hall:
London.
Kirby, E.J.M., M. Appleyard, and G. Fellowes. 1985. Leaf emergence and tillering
in barley and wheat. Agronomie. 5:193-200.
Kirby, E.J.M.,and M.W. Perry. 1987. Leaf emergence rate of wheat in a
Mediterranean environment. Aust. J. Agric. Res. 38:455-464.
Klepper, B., R.W. Rickman, and C.M. Peterson. 1982. Quantitative
characterization of vegetative development in small grain cereals. Agron. J.
74:789-792.
Lawlor, D.W. 1970. Absorption of polyethylene glycols by plants and their effect
on plant growth. New Phytol. 69:501-513.
Masle, J. 1985. Competition among tillers in winter wheat: Consequences for
growth and development of the crop. p. 33-54. In W. Day and R.K. Atkin
(ed). Wheat growth and modelling. Plenum Press, New York.
Mengel, K., and E.A. Kirkby. 1987. Principles of Plant Nutrition. International
Potash Institute Bern, Switzerland.
Morgan, J.A. 1984. Interaction of water supply and N in wheat. Plant Physiol.
76:112-117.
Morgan, J.A. 1986. The effects of N nutrition on water relations and gas exchange
characteristics of wheat (triticum aestivum L.). Plant Physiol. 80:52-58.
Morris, C.F., and G.M. Paulsen. 1985. Development of hard winter wheat after
anthesis as affected by nitrogen nutrition. Crop Sci. 25:1007-1031.
Nicolas, M.E., R.J. Simpson, H. Lambers, and M.J. Da lling. 1985. Effects of
drought on partitioning of nitrogen in two wheat varieties differing in drought
tolerance. Ann. Bot. 55:743-754.
Nobel, P.S. 1991. Physicochemical and environmental Plant Physiology. Academic
Press Inc., New York.
Otter, S., D.C. Godwin, and J.T. Ritchie. 1987. Testing and validating the CERES-
Wheat Model in diverse environments. AgRISTARS Publ. No. YM. 15-
00407. NTIS, Springfield, VA.87
Parameswaran, K.V.M., R.D. Graham, and D. Aspinall. 1981. Studies on the
nitrogen and water relations of wheat. I. Growth and water use in relation to
time and method of nitrogen application. Irrig. Sci. 3:29-44.
Parameswaran, K.V.M., R.D. Graham, and D. Aspinall. 1984. Studies on the
nitrogen and water relations of wheat. II. Effects of varying nitrogen and
water supply on growth and grain yield. Irrig. Sci. 5:105-121.
Power, J.F., and J. Alessi. 1978. Tiller development and yield of standard and
semidwarf spring wheat varieties as affected by nitrogen fertilizer. J. Agric.
Sci. Camb. 90:97-108.
Rickman, R.W., B.L. Klepper, and C.M. Peterson. 1985. Wheat seedling growth
and developmental response to incident photosynthetically active radiation.
Agron. J. 77:283-287.
Rickman, R.W., B.L. Klepper, and C.M. Peterson. 1983. Time distribution for
describing appearance of specific culms of winter wheat. Agron. J. 75:55-
556.
Rickman,R.W., B. Klepper, and R.K. Beldford. 1985. Developmental relationships
among roots, leaves, and tiller in winter wheat. p. 83-98. In W. Day and
R.K. Atkin (ed). Wheat growth and modelling. Plenum Press, New York.
Roy, S.K., and J.N. Gallagher. 1985. Production and survival of wheat tillers in
relation to plant growth and development. p. 59-67. In W. Day and R.K.
Atkin (ed). Wheat growth and modelling. Plenum Press, New York.
Seligman, N.G., R.S. Loomis, J. Burke, and A. Abshahi. 1983. Nitrogen nutrition
and phenological development in field-grown wheat. J. Agric. Sci. Camb.
101:691-697.
Slatyer, R.O. 1967. Plant-water relationships. Academic Press Inc. 111 Fifth
Avenue New York, New York.
Snow, D., and D.T. Tingey. 1985. Evaluation of a system for the imposition of
plant water stress. Plant Physiol. 77:602-607.
Sprat, E.D., and J.K.R. Gasser. 1970. Effects of fertilizer nitrogen and water
supply on distribution of dry matter and nitrogen between different parts of
wheat. Can. J. Plant Sci. 50:613-625.88
Stark, J.C., and T.S. Long ley. 1986. Changes in spring wheat tillering patterns in
response to delayed irrigation. Agron. J. 78:892-896.
STATGRAPHICS user's guide. STSC, Inc. 1991. 2115 East Jefferson Street
Rockville, Maryland. 20852 USA.
Tesha, A.J., and P. Eck. 1983. Effects of nitrogen rate and water stress on growth
and water relations of young sweet corn plants. Amer. Soc. Hort. Sci.
108:1049-1053.
Tingey, D.T., T.J. Moser, F. Zirkle, and M.D. Snow. 1987. A plant cultural
system for monitoring evapotranspiration and physiological responses under
field conditions. Proc. Conference on Measurement of Soil and Plant Water
Stress. Utah State Univ. 2:139-145.
Wolfe, D.W., D.W. Henderson, T.C. Hsiao, and A. Alvino. 1988. Interactive
water and nitrogen effects on senescence of maize. 1. Leaf area duration,
nitrogen distribution, and yield. Agron. J. 80:859-864.
Wookey, P.A., C.J. Atkinson, T.A. Mansfield, and J.R. Wilkinson. 1991. Control
of plant water deficit using the 'Snow and Tingey System' and their influence
on the water relations and growth of sunflower. J. Exp. Bot. 42:589-595.
Yambao, E.B., and J.C. O'Toole. 1984. Effects of nitrogen nutrition and root
medium water potential on growth, nitrogen uptake and osmotic adjustment
of rice. Physiol. Plant. 60:507-515.APPENDIX89
Appendix Table 1.Detail of stock solutions of modified Long Ashton complete
nutrient solution used for preparation of nutrient media.
Chemical Wt. /llit. stock solutionVolume of stock solution
to prepare 1 lit.
nutrient media
(g) (ml)
KNO3 80.8 5.0
Ca(NO3)2. 4H20 188.8 5.0
MgSO4. 7H20 73.6 5.0
NaH2PO4. H2O 36.8 5.0
Trace elements 0.1
H2O 1000
Iron solution 5.0
Trace elements
MnSO4 15.10
CaSO4. 2H20 2.10
ZnSO4. 7H20 2.9
H3B03 31.0
NaCL 59.0
(NH4)6Mo7024.4H20 0.88
*Iron Solution
1) FeSO4. 7H20
2) Na2EDTA
0.55
0.75
*Add 20 ml H2O to 1) and 2). Heat 2) and mix with 1) over stirrer and add H2O
upto 100 ml and store in a dark place.90
In table Appendix 2- Appendix 6 symbols used stand for:
N = Nitrogen
1= Optimum N supply (12 mmol N in nutrient solution)
2= Medium N supply (6 mmol N in nutrient solution)
3 =Low N supply (2 mmol N in nutrient solution)
W= Water
1= (Optimum W supply): The water table was maintained 4 cm below the root-screen
interface, with no ceramic plate in the floral foam column.
2= (Medium water supply): The water table was maintained 12 cm below the root-screen
interface and a"1 bar high flow" ceramic plate (10.5 cm diameter; flow rate of 50
ml/ (hr cm2 atm); Soil Moisture Equipment Co., Santa Barbara, CA; Catalogue #
604 D04-B1M3) was installed between the plant sleeve and the uppermost foam
cylinder in the plant sleeve holder.
3 = (Low water supply): The water table was maintained 12 cm below the root screen and a
"1 bar standard" ceramic plate (flow rate of 2 ml/ (hr cm2 atm); Catalogue # 604
D04-B1M1) was installed between the plant sleeve and the uppermost foam cylinder
in the plant sleeve holder.
Symbols used for treatment combinations are
NOWO = Optimum N and Optimum W supply
NOWL= Optimum N and Low W supply
NMWM = Medium N and Medium W supply
NLWO=Low N and Optimum W supply
NLWL=Low N and Low W supply
GDD= Growing degree days.
REP= replication
NOWM= Optimum N and Medium W supply
NMWO =Medium N and Optimum W supply
NMWL= Medium N and Low W supply
NLWM =Low N and Medium W supply91
Appendix Table 2. The effect of nitrogen and water supply treatments on tillers per plant, leaf area,
leaf dry weight, stem dry weight, biomass per plant, leaf N and leaf water potential of Yecora Rojo
spring wheat.
N W Rep HeightTiller Larea LdrywtStemwtRootwtBiomass LNwatpot
(cm) (no) (cm 2)
(R) (%) (MPa)
1 1 1 48 20 744.352.77 1.6 1.4 5.77 5.75 0.766
1 1 2 47.5 22 800.773.17 1.9 1.29 6.36 5.9 0.766
1 1 3 41.8 20 823.422.57 1.72 1.65 5.94 5.81 0.75
1 2 1 45 14 630.641.07 1.28 1.19 3.54 6.01 1.583
1 2 2 47.5 17 672.782.26 1.51 1.45 5.22 5.68 1.266
1 2 3 41.5 16 622.482.16 1.08 1.3 4.54 5.86 1.3
1 3 1 42.5 10 339.121.18 0.7 0.19 2.07 5.74 1.483
1 3 2 39.5 11 526.281.87 0.95 0.69 3.51 5.33 1.616
1 3 3 41 17 551.862.72 1.1 1.21 5.03 5.73 1.55
2 1 1 40.5 18 678.972.77 1.2 0.66 4.63 6.37 0.8
2 1 2 43.5 17 698.422.42 1.05 1.05 4.52 4.96 0.866
2 1 3 44.5 21 720.652.47 1.71 0.9 5.08 5.35 0.816
2 2 1 39 15 652.322.37 1.39 0.9 4.66 4.88 1.215
2 2 2 43.3 14 677.792.59 1.98 1.23 5.8 4.87 1.333
2 2 3 44.5 12 423.051.57 0.74 0.56 2.87 5.53 1.433
2 3 1 41.5 12 478.982.06 1.28 1.1 4.44 4.44 1.533
2 3 2 45 13 550.692.18 1.32 1.19 4.69 5.36 1.466
2 3 3 39 13 531.131.88 1 0.88 3.76 4.64 1.233
3 1 1 45.5 19 857.762.87 2.4 1.92 7.19 4.12 1.016
3 1 2 40.5 18 722.032.42 1.42 2.15 5.99 4.48 1
3 1 3 40.5 16 568.492.14 1.51 1.3 4.95 3.9 1
3 2 1 42 10 473.171.57 1.41 0.72 3.7 3.52 1.233
3 2 2 44 12 533.781.92 1.57 1.39 4.88 3.99 1.3
3 2 3 44.5 16 627.432.29 1.82 1.54 5.65 4.11 1.283
3 3 1 38 9 386.631.76 1.19 1.09 4.04 4.21 1.383
3 3 2 40.5 11 434.421.58 0.81 0.59 2.98 4.67 1.3
3 3 3 39 10 421.681.6 1.39 1.59 4.58 4.33 1.43392
Appendix Table 3. The observations of number of tillers per plant (T) and number of leaves per plant
(H) under three levels of nitrogen and three levels of water supply during the period of tillering of
Yecora Rojo spring wheat.
ODD REP NOWOT NOWOH NOWMT NOWMH NOWLT NOWLH NMWOT NMWOH NMWMT
220 1 1 2.23 1 2.16 1 2.4 1 2.13 1
220 2 1 2.5 1 2.15 1 2.3 1 2.37 1
220 3 1 2.32 1 2.26 1 2.18 1 2.26 1
240 1 1 2.45 1 2.3 1 2.54 1 2.32 1
240 2 1 2.74 1 2.3 1 2.48 1 2.55 1
240 3 1 2.5 1 2.4 1 2.39 1 2.36 1
260 1 1 2.75 1 2.6 1 2.66 1 2.57 1
260 2 1 2.94 1 2.56 1 2.75 1 2.84 1
260 3 1 2.8 1 2.7 1 2.63 1 2.67 1
280 1 2 3.39 2 3.28 1 2.79 1 2.9 2
280 2 2 3.82 2 3.26 2 3.49 2 3.52 2
280 3 2 3.42 2 3.27 2 3.06 2 3.36 2
300 1 3 5.14 2 4.14 1 3.25 2 3.76 2
300 2 2 4.33 3 5.06 2 4.09 2 4.1 3
300 3 2 3.89 2 3.77 2 3.77 3 5.66 2
320 1 3 6.5 2 4.91 1 3.48 3 5.84 3
320 2 3 5.82 3 6.82 3 6.87 3 6.23 3
320 3 3 6.76 2 5.07 3 6.57 3 6.74 2
340 1 4 7.29 3 5.63 2 3.94 3 7.16 3
340 2 4 7.09 4 7.4 4 7.67 4 7.06 4
340 3 4 7.19 4 7.51 3 7.23 4 7.06 4
360 1 4 8.48 3 6.69 2 4.81 4 7.87 5
360 2 5 10.71 4 8.92 4 8.78 4 8.59 4
360 3 4 8.79 4 8.8 4 8.68 4 9.1 3
380 1 5 9.83 3 8.02 3 5.49 5 9.36 5
380 2 5 12.5 5 10.95 4 10.18 4 9.66 4
380 3 6 11.83 5 10.62 5 10.47 5 11.18 3
400 1 6 12.06 4 9.46 3 7.29 5 11.2 5
400 2 6 14.21 5 12.2 5 11.56 5 11.36 5
400 3 6 12.82 5 11.91 5 11.68 5 12.14 3
420 1 6 14.26 4 10.86 3 9.16 5 12.07 5
420 2 8 17.08 6 15.9 5 12.93 6 12.96 7
420 3 8 14.74 5 12.94 6 13.86 5 13.87 4
440 1 10 16.53 6 12.04 3 9.91 7 13.9 8
440 2 9 19.83 9 17.4 8 15.41 7 14.66 8
440 3 8 16.34 7 14.51 8 15.21 7 15.86 4
460 1 10 20.54 7 14.17 4 11.94 8 15.58 10
460 2 9 22.72 9 19.67 8 17.16 8 17.73 9
460 3 9 19.33 7 16.03 9 17.44 9 20.53 6
480 1 10 23.98 8 17.76 5 13.78 9 19.14 10
480 2 9 25.38 10 24.55 8 20.84 9 21.49 9
480 3 10 23.85 9 20.85 10 21.48 10 24.31 6
500 1 10 27.01 8 20.55 6 15.5 9 22.53 10
500 2 9 28.05 10 27.79 9 23.38 10 24.96 9
500 3 11 26.24 9 23.51 10 24.71 10 27.23 6
520 1 10 29.49 8 23.1 6 18.53 9 24.21 11
520 2 11 31.78 10 30.4 9 25.94 11 27.57 10
520 3 11 30.07 9 25.76 10 27.85 12 31.29 7
540 1 12 33.45 9 24.95 6 19.82 11 27.31 11
540 2 14 35.76 10 32.57 9 28.26 12 30.55 11
540 3 15 34.11 10 28.31 10 30.94 13 34.12 9
560 1 16 37.23 12 28.39 8 22.22 13 32.32 12
560 2 16 43.25 13 35.74 9 30.86 13 35.49 13
560 3 15 39.35 12 33.48 12 35.09 14 41.77 9
580 1 18 43.9 13 33.5 9 26.01 16 37.99 14
580 2 19 53.45 14 42.98 9 33.22 15' 42.11 13
580 3 19 46.78 14 36.81 13 37.61 16 46.57 11
600 1 20 52.99 14 40.6 10 29.34 18 45.39 15cont'd93
600 2 20 59.78 17 49.22 11 35.45 17 46.9 14
600 3 20 54.82 15 42.57 16 44.81 19 57.23 12
620 1 20 59.73 14 43.94 10 31.57 18 50.94 15
620 2 22 63.62 17 54.16 11 39.45 17 52.01 14
620 3 20 59.43 16 47.22 17 48.7 21 61.47 12
GDD REP NMWMH NMWLT NMWLH NLWOT NLWOH NLWMT NLWMH NLWLT NLWLH
220 1 2.28 1 2.26 1 2.14 1 2.23 1 2.17
220 2 2.26 1 2.2 1 2.29 1 2.27 1 2.35
220 3 2.41 1 2.34 1 2.29 1 2.21 1 2.2
240 1 2.44 1 2.41 1 2.36 1 2.48 1 2.3
240 2 2.35 1 2.42 1 2.42 1 2.48 1 2.54
240 3 2.55 1 2.55 1 2.47 1 2.35 1 2.39
260 1 2.73 1 2.67 1 2.67 1 2.76 1 2.55
260 2 2.83 1 2.72 1 2.75 1 2.76 1 2.81
260 3 2.73 1 2.83 1 2.76 1 2.63 1 2.59
280 1 3.3 2 3.09 2 3.95 1 3.23 1 2.8
280 2 3.48 2 3.66 2 3.33 2 3.43 2 3.11
280 3 3.3 2 3.6 2 3.68 2 3.02 2 3
300 1 3.8 2 3.79 3 5.71 3 4.85 2 3.7
300 2 5.5 2 4.19 2 4.09 3 5.45 2 3.63
300 3 3.68 2 4.16 2 4.13 2 3.71 3 5.11
320 1 6.57 3 6.74 4 7.32 3 6.74 3 6.33
320 2 6.97 3 7.03 2 4.89 3 6.94 2 5.02
320 3 5.1 3 6.49 4 6.96 3 6.64 3 6.69
340 1 7.11 4 7.34 5 8.81 4 7.67 3 7.26
340 2 7.62 5 8.32 4 6.98 4 7.69 3 5.55
340 3 7.62 5 7.13 4 7.79 4 7.44 3 7.24
360 1 8.88 4 8.84 5 10.65 4 8.74 4 8.21
360 2 8.88 5 9.43 4 8.79 4 8.9 3 6.39
360 3 6.54 4 8.65 4 9.16 4 9.01 4 8.22
380 1 10.06 5 10.96 5 11.78 6 11.53 5 10.2
380 2 10.17 5 11.11 5 10.6 5 11.06 4 7.27
380 3 8.35 4 9.95 5 11.15 5 11.14 5 10.38
400 1 11.22 6 12.62 6 14.03 6 13.49 5 11.27
400 2 12.19 5 12.39 5 11.81 6 13.48 4 8.78
400 3 8.95 5 11.92 5 12.12 6 13.69 6 12.63
420 1 12.33 6 14.63 9 16.57 7 15.8 6 13.12
420 2 14.26 7 13.63 7 13.51 7 14.92 4 9.53
420 3 10.08 6 13.18 5 13.98 7 15.12 6 13.78
440 1 14.72 8 15.96 11 21.29 10 18.92 8 15.3
440 2 16.16 8 15.71 8 15.6 10 18.5 6 11.52
440 3 10.97 7 15.23 8 18.41 10 18.67 9 17.17
460 1 18.57 8 19.1 11 24.88 10 22.3 8 16.99
460 2 19.24 8 18.79 8 18.05 10 21.83 6 12.83
460 3 13.04 8 17.75 8 20.34 10 21.74 10 19.76
480 1 22.57 9 21.87 11 27.38 10 24.39 9 19.76
480 2 22.65 9 21.64 9 20.92 10 24.74 7 15.23
480 3 15.33 8 20.25 10 23.1 10 25.46 10 22.48
500 1 25.72 9 24.73 11 30.75 10 27.71 9 22.82
500 2 24.92 10 24.82 10 24.1 11 28.41 7 17.57
500 3 18.12 10 23.33 10 25.97 10 28.48 10 25.92
520 1 28.45 10 28.67 13 34.56 10 29.32 9 25.4
520 2 28.75 10 27.8 11 27.2 11 31.02 7 20
520 3 21.15 10 26.98 12 29.65 10 31.51 10 28.81
540 1 31.35 10 31.39 13 37.36 10 32.09 9 27.24
540 2 32.31 10 30.55 13 30.41 11 33.75 7 21.33
540 3 23.62 11 29.7 13 32.52 14 35.79 10 31.15
560 1 35.62 11 33.26 18 44.75 10 34.27 9 29.63
560 2 36.14 10 33.13 14 37.52 12 36.34 8 24.98
560 3 25.5 13 32.38 14 37.59 15 39.81 10 33.05
580 1 40.5 12 36.1 19 52.67 10 36.19 9 31.25
580 2 41.96 11 35.61 16 41.69 12 38.5 10 26.3
580 3 30.38 13 38.41 15 43.28 16 46.93 10 33.9cont'd94
600 1 44.59 12 41.57 19 57.81 10 38.24 9 33.09
600 2 46.66 13 40.27 18 46.11 12 42.69 11 30.84
600 3 35.04 13 41.04 16 47.1 16 52.39 10 36.13
620 1 50.22 12 44.09 19 63.15 10 41.17 9 35.23
620 2 50.1 13 43.77 18 54.43 12 45.15 11 36.12
620 3 38.65 13 43.96 16 52.66 16 55.93 10 38.06
GDD REP NOT NOHNMTNMHNLT NLHWOTWOHWMT
220 1 1 2.263333 1 2.2233331 2.18 1 2.1666671
220 2 1 2.3166671 2.2766671 2.3033331 2.3866671
220 3 1 2.253333 1 2.3366671 2.2333331 2.29 1
240 1 1 2.43 1 2.39 1 2.38 1 2.3766671
240 2 1 2.5066671 2.44 1 2.48 1 2.57 1
240 3 1 2.43 1 2.4866671 2.4033331 2.4433331
260 1 1 2.67 1 2.6566671 2.66 1 2.6633331
260 2 1 2.75 1 2.7966671 2.7733331 2.8433331
260 3 1 2.71 1 2.7433331 2.66 1 2.7433331
280 1 1.6666673.1533331.6666673.0966671.3333333.3266671.6666673.4133331.666667
280 2 2 3.5233332 3.5533332 3.29 2 3.5566672
280 3 2 3.25 2 3.42 2 3.2333332 3.4866672
300 1 2 4.1766672 3.7833332.6666674.7533332.6666674.87 2.333333
300 2 2.3333334.4933332.3333334.5966672.3333334.39 2 4.1733333
300 3 2 3.81 2.3333334.5 2.3333334.3166672.3333334.56 2
320 1 2 4.9633333 6.3833333.3333336.7966673.3333336.5533332.666667
320 2 3 6.5033333 6.7433332.3333335.6166672.6666675.6466673
320 3 2.6666676.1333342.6666676.11 3.3333336.7633333.3333336.82 2.333333
340 1 3 5.62 3.3333337.2033334 7.9133344 7.7533333.333333
340 2 4 7.3866674.3333337.6666673.6666676.74 4 7.0433334
340 3 3.6666677.31 4.3333337.27 3.6666677.49 4 7.3466674
360 1 3 6.66 4.3333338.53 4.3333339.2 4.3333339 4
360 2 4.3333339.47 4.3333338.9666673.6666678.0266664.3333339.3633334
360 3 4 8.7566673.6666678.0966674 8.7966674 9.0166673.666667
380 1 3.6666677.78 5 10.126675.33333311.17 5 10.323334.666667
380 2 4.66666711.21 4.33333310.313334.6666679.6433344.66666710.92 4.666667
380 3 5.33333310.973334 9.8266675 10.89 5.33333311.386674.333333
400 1 4.3333339.6033335.33333311.68 5.66666712.93 5.66666712.43 5
400 2 5.33333312.656675 11.98 5 11.356675.33333312.46 5.333333
400 3 5.33333312.136674.33333311.003335.66666712.813335.33333312.36 4.666667
420 1 4.33333311.426675.33333313.01 7.33333315.163336.66666714.3 5.333333
420 2 6.33333315.303336.66666713.616676 12.653337 14.516676.666667
420 3 6.33333313.846675 12.376676 14.293336 14.196675.333333
440 1 6.33333312.826677.66666714.86 9.66666718.503339.33333317.24 8
440 2 8.66666717.546677.66666715.51 8 15.206678 16.696679
440 3 7.66666715.353336 14.02 9 18.083337.66666716.87 7
460 1 7 15.55 8.66666717.75 9.66666721.39 9.66666720.333339
460 2 8.66666719.85 8.33333318.586678 17.57 8.33333319.5 9.333333
460 3 8.33333317.6 7.66666717.106679.33333320.613338.66666720.066677.666667
480 1 7.66666718.506679.33333321.1933310 23.8433310 23.5 9.333333
480 2 9 23.59 9 21.926678.66666720.296679 22.596679.666667
480 3 9.66666722.06 8 19.9633310 23.68 10 23.753338.333333
500 1 8 21.02 9.33333324.3266710 27.0933310 26.763339.333333
500 2 9.33333326.406679.66666724.9 9.33333323.36 9.66666725.7033310
500 3 10 24.82 8.66666722.8933310 26.79 10.3333326.48 8.333333
520 1 8 23.7066710 27.11 10.6666729.76 10.6666729.42 9.666667
520 2 10 29.3733310.3333328.04 9.66666726.0733311 28.85 10.33333
520 3 10 27.893339.66666726.4733310.6666729.99 11.6666730.336678.666667
540 1 9 26.0733310.6666730.0166710.6666732.23 12 32.7066710
540 2 11 32.1966711 31.1366710.3333328.4966713 32.24 10.66667
540 3 11.6666731.12 11 29.1466712.3333333.1533313.6666733.5833311
560 1 12 29.28 12 33.7333312.3333336.2166715.6666738.1 11.33333
560 2 12.6666736.6166712 34.92 11.3333332.9466714.3333338.7533312.66667
560 3 13 35.9733312 33.2166713 36.8166714.3333339.57 12
580 1 13.3333334.47 14 38.1966712.6666740.0366717.6666744.8533312.33333
580 2 14 43.2166713 39.8933312.6666735.4966716.6666745.75 13 coned580 3 15.3333340.4 13.3333338.45333
600 1 14.6666740.9766715 43.85
600 2 16 48.15 14.6666744.61
600 3 17 47.4 14.6666744.43667
620 1 14.6666745.08 15 48.41667
620 2 16.6666752.41 14.6666748.62667
620 3 17.6666751.7833315.3333348.02667
GDD REP WMHWLT WLH
220 1 2.2233331 2.276667
220 2 2.2266671 2.283333
220 3 2.2933331 2.24
240 1 2.4066671 2.416667
240 2 2.3766671 2.48
240 3 2.4333331 2.443333
260 1 2.6966671 2.626667
260 2 2.7166671 2.76
260 3 2.6866671 2.683333
280 1 3.27 1.3333332.893333
280 2 3.39 2 3.42
280 3 3.1966672 3.22
300 1 4.2633331.6666673.58
300 2 5.3366672 3.97
300 3 3.72 2.3333334.346667
320 1 6.0733332.3333335.516667
320 2 6.91 2.6666676.306667
320 3 5.6033333 6.583333
340 1 6.8033333 6.18
340 2 7.57 4 7.18
340 3 7.5233333.6666677.2
360 1 8.1033333.3333337.286667
360 2 8.9 4 8.2
360 3 8.1166674 8.516667
380 1 9.87 4.3333338.883333
380 2 10.726674.3333339.52
380 3 10.036674.66666710.26667
400 1 11.39 4.66666710.39333
400 2 12.623334.66666710.91
400 3 11.516675.33333312.07667
420 1 12.996675 12.30333
420 2 15.026675.33333312.03
420 3 12.713336 13.60667
440 1 15.226676.33333313.72333
440 2 17.353337.33333314.21333
440 3 14.716678 15.87
460 1 18.346676.66666716.01
460 2 20.246677.33333316.26
460 3 16.936679 18.31667
480 1 21.573337.66666718.47
480 2 23.98 8 19.23667
480 3 20.546679.33333321.40333
500 1 24.66 8 21.01667
500 2 27.04 8.66666721.92333
500 3 23.37 10 24.65333
520 1 26.956678.33333324.2
520 2 30.056678.66666724.58
520 3 26.14 10 27.88
540 1 29.463338.33333326.15
540 2 32.876678.66666726.71333
540 3 29.24 10.3333330.59667
560 1 32.76 9.33333328.37
560 2 36.073339 29.65667
560 3 32.93 11.6666733.50667
580 1 36.73 10 31.12cont'd
13.6666741.37 16.6666745.5433313.66667
12.6666743.0466719 52.0633313
13.6666739.88 18.3333350.93 14.33333
14 45.2066718.3333353.05 14.33333
12.6666746.5166719 57.94 13
13.6666745.2333319 56.6866714.33333
14 48.8833319 57.8533314.66667
9596
580 2 41.1466710 31.71
580 3 38.04 12 36.64
600 1 41.1433310.3333334.66667
600 2 46.19 11.6666735.52
600 3 43.3333313 40.66
620 1 45.11 10.3333336.96333
620 2 49.8033311.6666739.78
620 3 47.2666713.3333343.5733397
Appendix Table 4. Number of leaves (Hann scale) on main stem and each tiller position for nitrogen
and water supply treatments from main stem third leaf visible to first main stem node visible stage
(end of tillering) of Yecora Rojo spring wheat.
N W REPGDDSTM TO Ti T2 T10 T20 TOO
1 1 1 220 2.23 0 0 0 0 0 0
1 1 1 240 2.45 0 0 0 0 0 0
1 1 1 260 2.75 0 0 0 0 0 0
1 1 1 280 3.2 0 0.19 0 0 0 0
1 1 1 300 3.34 1.22 0.58 0 0 0 0
1 1 1 320 3.54 1.61 1.35 0 0 0 0
1 1 1 340 3.72 1.99 1.53 0.05 0 0 0
1 1 1 360 4.15 2.15 1.84 0.33 0 0 0
1 1 1 380 4.3 2.29 2.19 0.55 0.5 0 0
1 1 1 400 4.46 2.5 2.32 1.5 0.73 0 0.55
1 1 1 420 4.67 2.77 2.48 1.72 1.33 0 1.31
1 1 1 440 5.22 2.99 2.63 1.99 1.48 0.1 1.42
1 1 1 460 5.48 3.17 2.87 2.16 1.85 0.32 1.94
1 1 1 480 5.73 3.37 3.26 2.38 1.99 1.26 1.99
1 1 1 500 6.18 3.56 3.44 2.57 2.26 1.53 2.32
1 1 1 520 6.29 4.21 3.64 2.78 2.48 1.81 2.55
1 1 1 540 6.49 4.36 3.83 3.33 2.72 1.99 2.82
1 1 1 560 6.71 4.59 4.18 3.55 3.22 2.21 3.16
1 1 1 580 6.9 4.83 4.36 3.8 3.42 2.41 3.33
1 1 1 600 7.34 4.99 4.58 3.99 3.67 2.65 3.55
1 1 1 620 7.53 5.17 4.76 4.19 3.92 2.85 3.77
1 1 2 220 2.5 0 0 0 0 0 0
1 1 2 240 2.74 0 0 0 0 0 0
1 1 2 260 2.94 0 0 0 0 0 0
1 1 2 280 3.29 0 0.53 0 0 0 0
1 1 2 300 3.5 0 0.83 0 0 0 0
1 1 2 320 3.75 0 1.86 0 0 0 0
1 1 2 340 4.24 0 1.99 0.48 0.38 0 0
1 1 2 360 4.36 1.99 2.31 1.39 0.66 0 0
1 1 2 380 4.58 2.52 2.48 1.65 1.27 0 0
1 1 2 400 4.79 2.8 2.72 1.99 1.56 0 0
1 1 2 420 5.3 2.99 2.99 2.22 1.84 0.68 0
1 1 2 440 5.42 3.3 3.22 2.34 1.99 1.2 0
1 1 2 460 5.61 3.47 3.41 2.5 2.27 1.46 0
1 1 2 480 5.84 3.72 3.63 2.73 2.54 1.82 0
1 1 2 500 6.25 4.17 3.78 2.9 2.81 2.32 0
1 1 2 520 6.51 4.39 4.33 3.46 3.24 2.35 0
1 1 2 540 6.73 4.58 4.55 3.66 3.38 2.55 0
1 1 2 560 6.9 4.79 4.78 3.88 3.6 2.78 0
1 1 2 580 7.34 5.3 4.99 4.22 3.81 3.28 0
1 1 2 600 7.54 5.53 5.27 4.41 3.99 3.52 0
1 1 2 620 7.74 5.75 5.44 4.61 4.29 3.76 0
1 1 3 220 2.32 0 0 0 0 0 0
1 1 3 240 2.5 0 0 0 0 0 0
1 1 3 260 2.8 0 0 0 0 0 0
1 1 3 280 3.17 0 0.25 0 0 0 0
1 1 3 300 3.35 0 0.54 0 0 0 0
1 1 3 320 3.58 1.66 1.52 0 0 0 0
1 1 3 340 3.13 1.99 1.73 0.34 0 0 0
1 1 3 360 4.24 1.99 1.99 0.57 0 0 0
1 1 3 380 4.46 2.26 2.29 1.42 0.6 0 0.8
1 1 3 400 4.61 2.41 2.41 1.61 0.95 0 0.83
1 1 3 420 4.78 2.64 2.59 1.9 1.35 0.22 1.16
1 1 3 440 5.25 2.82 2.76 2.2 1.5 0.27 1.31
1 1 3 460 5.36 3.22 3.19 2.28 1.76 0.52 1.56
1 1 3 480 5.58 3.4 3.38 2.48 2.23 1.42 1.99
1 1 3 500 5.76 3.59 3.56 2.68 2.4 1.64 2.17
1 1 3 520 6.39 3.8 3.7 3.3 2.57 1.99 2.37cont'd98
1 1 3 540 6.6 4.29 4.29 3.47 2.76 2.28 2.62
1 1 3 560 6.79 4.47 4.54 3.7 3.25 2.51 2.88
1 1 3 580 6.95 4.69 4.75 3.93 3.46 2.71 3.23
N W REPGDDSTM TO T1 T2 T10T20 TOO
1 1 3 600 7.28 4.86 4.95 3.99 3.68 3.2 3.41
1 1 3 620 7.45 5.16 5.29 4.36 3.86 3.29 3.6
1 2 1 220 2.16 0 0 0 0 0 0
1 2 1 240 2.3 0 0 0 0 0 0
1 2 1 260 2.6 0 0 0 0 0 0
1 2 1 280 2.84 0 0.44 0 0 0 0
1 2 1 300 3.26 0 0.88 0 0 0 0
1 2 1 320 3.52 0 1.39 0 0 0 0
1 2 1 340 3.78 0 1.64 0.21 0 0 0
1 2 1 360 4.25 0 1.99 0.45 0 0 0
1 2 1 380 4.4 0 2.26 1.36 0 0 0
1 2 1 400 4.64 0 2.4 1.62 0.8 0 0
1 2 1 420 4.84 0 2.6 1.96 1.46 0 0
1 2 1 440 5.21 0 2.76 1.99 1.61 0.27 0
1 2 1 460 5.42 0 3.28 2.21 1.96 0.53 0
1 2 1 480 5.65 0 3.47 2.44 2.32 1.38 0
1 2 1 500 6.2 0 3.69 2.66 2.51 1.66 0
1 2 1 520 6.3 0 3.84 3.32 2.69 1.92 0
1 2 1 540 6.51 0 4.28 3.45 2.89 1.99 0
1 2 1 560 6.74 0 4.53 3.67 3.29 2.34 0
1 2 1 580 7.24 0 4.74 3.9 3.57 2.5 0
1 2 1 600 7.37 0 4.89 4.19 3.78 2.7 0
1 2 1 620 7.6 0 5.33 4.32 3.95 2.95 0
1 2 2 220 2.15 0 0 0 0 0 0
1 2 2 240 2.3 0 0 0 0 0 0
1 2 2 260 2.56 0 0 0 0 0 0
1 2 2 280 3.18 0 0.08 0 0 0 0
1 2 2 300 3.34 1.33 0.39 0 0 0 0
1 2 2 320 3.55 1.92 1.35 0 0 0 0
1 2 2 340 3.74 1.99 1.6 0.07 0 0 0
1 2 2 360 4.22 2.37 1.99 0.34 0 0 0
1 2 2 380 4.42 2.53 2.22 1.38 0.4 0 0
1 2 2 400 4.66 2.78 2.35 1.69 0.72 0 0
1 2 2 420 5.23 3.2 2.55 1.99 1.3 0 1.63
1 2 2 440 5.33 3.28 2.68 1.99 1.52 0.1 1.91
1 2 2 460 5.57 3.5 2.99 2.25 1.8 0.3 1.99
1 2 2 480 5.77 3.78 3.3 2.46 2.23 1.28 2.16
1 2 2 500 6.39 3.92 3.52 2.67 2.41 1.52 2.46
1 2 2 520 6.5 4.31 3.7 3.28 2.58 1.83 2.61
1 2 2 540 6.7 4.5 3.9 3.47 2.79 1.99 2.84
1 2 2 560 6.92 4.7 4.26 3.73 3.26 2.25 3.2
1 2 2 580 7.24 4.92 4.47 3.97 3.53 2.48 3.43
1 2 2 600 7.43 5.18 4.71 4.16 3.77 2.71 3.66
1 2 2 620 7.62 5.35 4.9 4.34 3.97 2.92 3.85
1 2 3 220 2.26 0 0 0 0 0 0
1 2 3 240 2.4 0 0 0 0 0 0
1 2 3 260 2.7 0 0 0 0 0 0
1 2 3 280 3.17 0 0.1 0 0 0 0
1 2 3 300 3.34 0 0.43 0 0 0 0
1 2 3 320 3.57 0 1.5 0 0 0 0
1 2 3 340 3.76 1.8 1.66 0.29 0 0 0
1 2 3 360 4.3 1.99 1.99 0.52 0 0 0
1 2 3 380 4.48 1.99 2.21 1.28 0.66 0 0
1 2 3 400 4.65 2.39 2.37 1.51 0.99 0 0
1 2 3 420 4.82 2.44 2.57 1.79 1.32 0 0
1 2 3 440 5.22 2.65 2.73 1.99 1.48 0.21 0
1 2 3 460 5.42 2.93 2.97 2.18 1.7 0.39 0
1 2 3 480 5.61 3.27 3.26 2.42 1.99 1.33 0 cont'd99
1 2 3 500 5.78 3.51 3.46 2.66 2.31 1.54 0
1 2 3 520 6.28 3.7 3.63 2.79 2.47 1.95 0
1 2 3 540 6.46 4.22 3.77 3.34 2.65 1.99 0
1 2 3 560 6.65 4.38 4.28 3.54 2.9 2.26 0
1 2 3 580 6.86 4.59 4.53 3.75 3.3 2.52 0
N W REPGDDS TM TO T1 T2 T10 T20 TOO
1 2 3 600 7.18 4.77 4.72 3.93 3.52 2.73 0
1 2 3 620 7.33 5.25 4.91 3.99 3.73 3.22 0
1 3 1 220 2.4 0 0 0 0 0 0
1 3 1 240 2.54 0 0 0 0 0 0
1 3 1 260 2.66 0 0 0 0 0 0
1 3 1 280 2.79 0 0 0 0 0 0
1 3 1 300 3.25 0 0 0 0 0 0
1 3 1 320 3.48 0 0 0 0 0 0
1 3 1 340 3.69 0 0.25 0 0 0 0
1 3 1 360 4.31 0 0.5 0 0 0 0
1 3 1 380 4.54 0 0.75 0.2 0 0 0
1 3 1 400 4.9 0 1.99 0.4 0 0 0
1 3 1 420 4.99 0 2.47 1.7 0 0 0
1 3 1 440 5.22 0 2.7 1.99 0 0 0
1 3 1 460 5.44 0 2.99 1.99 1.52 0 0
1 3 1 480 5.69 0 3.26 2.38 2.2 0.25 0
1 3 1 500 6.17 0 3.44 2.39 2.84 0.39 0
1 3 1 520 6.36 0 3.73 2.82 2.99 1.64 0
1 3 1 540 6.58 0 3.83 3.29 3.25 1.88 0
1 3 1 560 6.82 0 4.33 3.5 3.44 1.99 0
1 3 1 580 6.99 0 4.56 3.72 3.66 2.35 0
1 3 1 600 7.17 0 4.82 3.97 3.91 2.58 0
1 3 1 620 7.37 0 4.99 3.99 3.99 2.81 0
1 3 2 220 2.3 0 0 0 0 0 0
1 3 2 240 2.48 0 0 0 0 0 0
1 3 2 260 2.75 0 0 0 0 0 0
1 3 2 280 3.24 0 0.25 0 0 0 0
1 3 2 300 3.46 0 0.63 0 0 0 0
1 3 2 320 3.68 1.72 1.47 0 0 0 0
1 3 2 340 3.84 1.99 1.61 0.23 0 0 0
1 3 2 360 4.26 2.17 1.88 0.47 0 0 0
1 3 2 380 4.44 2.43 1.99 1.32 0 0 0
1 3 2 400 4.6 2.51 2.26 1.51 0.68 0 0
1 3 2 420 4.76 2.72 2.42 1.72 1.31 0 0
1 3 2 440 5.22 2.9 2.55 1.93 1.5 0.23 0.99
1 3 2 460 5.36 2.99 2.75 2.16 1.67 0.47 1.47
1 3 2 480 5.59 3.28 3.2 2.33 1.99 1.24 1.86
1 3 2 500 5.76 3.5 3.4 2.57 2.27 1.44 1.99
1 3 2 520 6.23 3.7 3.61 2.78 2.44 1.7 2.22
1 3 2 540 6.44 4.36 3.76 3.28 2.64 1.99 2.3
1 3 2 560 6.66 4.61 4.25 3.53 2.84 2.29 2.52
1 3 2 580 6.85 4.89 4.51 3.73 3.25 2.45 2.8
1 3 2 600 7.18 4.99 4.73 3.97 3.48 2.74 2.99
1 3 2 620 7.32 5.29 4.92 4.12 3.73 2.91 3.29
1 3 3 220 2.18 0 0 0 0 0 0
1 3 3 240 2.39 0 0 0 0 0 0
1 3 3 260 2.63 0 0 0 0 0 0
1 3 3 280 2.87 0 0.19 0 0 0 0
1 3 3 300 3.25 0 0.52 0 0 0 0
1 3 3 320 3.51 1.64 1.42 0 0 0 0
1 3 3 340 3.68 1.99 1.56 0 0 0 0
1 3 3 360 4.27 2.16 1.95 0.3 0 0 0
1 3 3 380 4.36 2.31 1.99 1.31 0.5 0 0
1 3 3 400 4.63 2.47 2.27 1.56 0.75 0 0
1 3 3 420 4.73 2.68 2.48 1.64 1.4 0 0.93
1 3 3 440 4.93 2.84 2.63 1.99 1.52 0.11 0.99corg'd100
1 3 3 460 5.36 2.99 2.84 2.2 1.85 0.27 1.38
1 3 3 480 5.56 3.31 3.3 2.42 2.16 0.5 1.8
1 3 3 500 5.78 3.55 3.52 2.62 2.38 1.5 1.78
1 3 3 520 6.26 3.73 3.71 2.85 2.55 1.66 2.14
1 3 3 540 6.43 4.29 4.26 3.3 2.82 1.99 2.37
1 3 3 560 6.68 4.54 4.5 3.55 3.23 2.16 2.52
1 3 3 580 6.87 4.76 4.72 3.8 3.45 2.33 2.81
N W REPGDDSTM TO T1 T2 T10T20 TOO
1 3 3 600 7.2 5.28 4.95 3.95 3.72 2.52 3.18
1 3 3 620 7.38 5.5 5.22 4.24 3.94 2.77 3.38
2 1 1 220 2.13 0 0 0 0 0 0
2 1 1 240 2.32 0 0 0 0 0 0
2 1 1 260 2.57 0 0 0 0 0 0
2 1 1 280 2.8 0 0.1 0 0 0 0
2 1 1 300 3.26 0 0.5 0 0 0 0
2 1 1 320 3.44 1.5 0.9 0 0 0 0
2 1 1 340 3.65 1.99 1.52 0 0 0 0
2 1 1 360 3.88 1.99 1.72 0.28 0 0 0
2 1 1 380 4.23 2.24 1.99 0.6 0.3 0 0
2 1 1 400 4.43 2.44 2.23 1.35 0.75 0 0
2 1 1 420 4.6 2.56 2.34 1.58 0.99 0 0
2 1 1 440 5.07 2.78 2.65 1.83 1.35 0.11 0
2 1 1 460 5.27 2.94 2.72 1.99 1.54 0.38 0
2 1 1 480 5.46 3.17 3.2 2.25 1.83 0.61 0
2 1 1 500 5.63 3.39 3.34 2.4 2.22 1.37 0
2 1 1 520 5.75 3.6 3.5 2.57 2.33 1.6 0
2 1 1 540 6.26 4.15 3.67 2.73 2.52 1.9 0
2 1 1 560 6.48 4.3 3.85 3.25 2.73 2.25 0
2 1 1 580 6.66 4.52 4.41 3.46 3.23 2.43 0
2 1 1 600 7.39 4.71 4.6 3.66 3.4 2.63 0
2 1 1 620 7.64 4.89 4.8 3.86 3.61 2.82 0
2 1 2 220 2.37 0 0 0 0 0 0
2 1 2 240 2.55 0 0 0 0 0 0
2 1 2 260 2.84 0 0 0 0 0 0
2 1 2 280 3.19 0 0.33 0 0 0 0
2 1 2 300 3.38 0 0.72 0 0 0 0
2 1 2 320 3.59 1.33 1.31 0 0 0 0
2 1 2 340 3.76 1.57 1.52 0.21 0 0 0
2 1 2 360 4.22 1.99 1.84 0.54 0 0 0
2 1 2 380 4.38 1.99 1.99 1.3 0 0 0
2 1 2 400 4.6 2.22 2.28 1.56 0.7 0 0
2 1 2 420 4.76 2.4 2.43 1.9 1.33 0.14 0
2 1 2 440 5.28 2.6 2.63 1.99 1.5 0.32 0
2 1 2 460 5.5 2.87 2.9 2.3 1.77 0.55 0
2 1 2 480 5.7 3.21 3.24 2.5 1.99 1.54 0
2 1 2 500 6.28 3.35 3.48 2.72 2.3 1.87 0
2 1 2 520 6.46 3.54 3.65 3.27 2.5 1.99 0
2 1 2 540 6.62 3.72 3.81 3.42 2.65 2.33 0
2 1 2 560 6.77 4.16 4.23 3.62 2.87 2.52 0
2 1 2 580 7.35 4.34 4.46 3.8 3.26 2.73 0
2 1 2 600 7.56 4.54 4.67 3.99 3.45 2.92 0
2 1 2 620 7.76 4.68 4.84 4.25 3.65 3.27 0
2 1 3 220 2.26 0 0 0 0 0 0
2 1 3 240 2.36 0 0 0 0 0 0
2 1 3 260 2.67 0 0 0 0 0 0
2 1 3 280 3.14 0 0.22 0 0 0 0
2 1 3 300 3.34 1.71 0.61 0 0 0 0
2 1 3 320 3.55 1.75 1.44 0 0 0 0
2 1 3 340 3.74 1.99 1.61 0.15 0 0 0
2 1 3 360 4.32 2.19 1.99 0.6 0 0 0
2 1 3 380 4.52 2.38 2.23 1.42 0.63 0 0
2 1 3 400 4.69 2.5 2.44 1.56 0.95 0 0cont'd101
2 1 3 420 5.09 2.93 2.58 1.87 1.4 0 0
2 1 3 440 5.28 3.24 2.77 2.24 1.6 0.31 0
2 1 3 460 5.48 3.41 3.33 2.41 2.25 1.18 0.5
2 1 3 480 5.7 3.65 3.48 2.64 2.27 1.47 1.45
2 1 3 500 6.25 3.93 3.75 2.92 2.45 1.83 1.87
2 1 3 520 6.53 4.34 4.21 3.35 2.67 1.99 2.17
2 1 3 540 6.72 4.53 4.42 3.57 2.89 2.32 2.34
2 1 3 560 6.93 4.72 4.69 3.8 3.31 2.51 2.55
2 1 3 580 7.23 4.97 4.92 3.97 3.57 2.83 2.8
N W REPGDDSTM TO T1 T2 T10 T20 TOO
2 1 3 600 7.36 5.43 4.99 4.27 3.82 2.99 2.97
2 1 3 620 7.57 5.65 5.31 4.46 3.99 2.99 3.12
2 2 1 220 2.28 0 0 0 0 0 0
2 2 1 240 2.44 0 0 0 0 0 0
2 2 1 260 2.73 0 0 0 0 0 0
2 2 1 280 2.94 0 0.36 0 0 0 0
2 2 1 300 3.24 0 0.56 0 0 0 0
2 2 1 320 3.44 1.77 1.36 0 0 0 0
2 2 1 340 3.64 1.94 1.53 0 0 0 0
2 2 1 360 4.15 1.99 1.92 0.44 0.38 0 0
2 2 1 380 4.31 2.33 2.21 0.45 0.76 0 0
2 2 1 400 4.53 2.51 2.33 0.6 1.25 0 0
2 2 1 420 4.7 2.77 2.5 0.92 1.44 0 0
2 2 1 440 5.22 3.17 2.71 0.99 1.65 0.48 0.42
2 2 1 460 5.4 3.3 3.16 1.22 1.93 0.68 1.56
2 2 1 480 5.6 3.44 3.34 1.45 2.25 1.3 1.82
2 2 1 500 5.8 3.73 3.5 1.67 2.3 1.62 1.99
2 2 1 520 6.18 3.92 3.7 1.87 2.65 1.85 2.25
2 2 1 540 6.34 4.23 4.31 2.29 2.8 2.16 2.43
2 2 1 560 6.57 4.43 4.52 2.48 3.21 2.33 2.64
2 2 1 580 6.75 4.62 4.75 2.69 3.46 2.56 2.87
2 2 1 600 6.88 4.78 4.97 2.86 3.65 2.71 2.99
2 2 1 620 7.35 4.93 5.22 3.11 3.84 3.21 3.26
2 2 2 220 2.26 0 0 0 0 0 0
2 2 2 240 2.35 0 0 0 0 0 0
2 2 2 260 2.83 0 0 0 0 0 0
2 2 2 280 3.18 0 0.3 0 0 0 0
2 2 2 300 3.33 1.47 0.7 0 0 0 0
2 2 2 320 3.62 1.88 1.47 0 0 0 0
2 2 2 340 3.83 1.99 1.64 0.16 0 0 0
2 2 2 360 4.18 2.22 1.99 0.49 0 0 0
2 2 2 380 4.35 2.41 2.1 1.31 0 0 0
2 2 2 400 4.55 2.65 2.31 1.52 1.16 0 0
2 2 2 420 4.75 2.87 2.45 1.85 1.43 0.18 0.73
2 2 2 440 5.15 2.86 2.7 2.15 1.65 0.4 0.99
2 2 2 460 5.31 3.25 2.85 2.25 1.96 0.62 1.33
2 2 2 480 5.5 3.41 3.3 2.44 2.32 1.37 1.53
2 2 2 500 5.7 3.61 3.51 2.64 2.47 1.63 1.86
2 2 2 520 6.31 3.75 3.69 3.31 2.71 1.87 2.23
2 2 2 540 6.54 4.5 4.25 3.51 2.88 2.29 2.35
2 2 2 560 6.72 4.68 4.54 3.72 3.34 2.47 2.52
2 2 2 580 6.82 4.93 4.79 3.9 3.57 2.65 2.71
2 2 2 600 7.35 4.99 4.97 4.19 3.8 2.82 3.29
2 2 2 620 7.54 5.28 5.38 4.39 3.95 3.37 3.55
2 2 3 220 2.41 0 0 0 0 0 0
2 2 3 240 2.55 0 0 0 0 0 0
2 2 3 260 2.73 0 0 0 0 0 0
2 2 3 280 3.19 0 0.11 0 0 0 0
2 2 3 300 3.33 0 0.35 0 0 0 0
2 2 3 320 3.57 0 1.53 0 0 0 0
2 2 3 340 3.74 0 1.66 0 0 0 0
2 2 3 360 4.34 0 1.99 0.21 0 0 0 coed102
2 2 3 380 4.54 0 2.24 1.57 0 0 0
2 2 3 400 4.81 0 2.42 1.72 0 0 0
2 2 3 420 4.99 0 2.68 1.99 0.42 0 0
2 2 3 440 5.31 0 2.89 1.99 0.78 0 0
2 2 3 460 5.5 0 3.24 2.27 1.5 0.25 0
2 2 3 480 5.71 0 3.41 2.43 1.85 0.37 0
2 2 3 500 6.22 0 3.69 2.7 2.27 1.4 0
2 2 3 520 6.42 0 3.91 3.23 2.42 1.61 0
2 2 3 540 6.64 0 4.28 3.37 2.57 1.95 0
2 2 3 560 6.91 0 4.53 3.6 2.89 2.21 0
2 2 3 580 6.99 0 4.76 3.82 3.25 2.38 0
N W REPGDDSTM TO T1 T2 T10T20 TOO
2 2 3 600 7.25 0 4.99 3.99 3.44 2.54 0
2 2 3 620 7.44 0 5.21 4.15 3.63 2.75 0
2 3 1 220 2.26 0 0 0 0 0 0
2 3 1 240 2.41 0 0 0 0 0 0
2 3 1 260 2.67 0 0 0 0 0 0
2 3 1 280 2.9 0 0.19 0 0 0 0
2 3 1 300 3.3 0 0.49 0 0 0 0
2 3 1 320 3.5 1.77 1.47 0 0 0 0
2 3 1 340 3.68 1.98 1.57 0.11 0 0 0
2 3 1 360 4.28 2.28 1.95 0.33 0 0 0
2 3 1 380 4.47 2.37 2.25 1.42 0.45 0 0
2 3 1 400 4.72 2.56 2.4 1.68 0.6 0 0.66
2 3 1 420 4.88 2.8 2.57 1.99 1.4 0 0.99
2 3 1 440 5.23 2.99 2.8 1.99 1.6 0.16 0.99
2 3 1 460 5.42 3.28 3.23 2.28 1.92 0.4 1.26
2 3 1 480 5.62 3.39 3.45 2.45 1.99 1.25 1.68
2 3 1 500 6.22 3.61 3.67 2.69 2.34 1.52 1.9
2 3 1 520 6.27 3.8 3.85 3.25 2.47 1.79 2.39
2 3 1 540 6.48 4.24 4.24 3.41 2.71 1.99 2.58
2 3 1 560 6.65 4.44 4.47 3.65 2.89 2.18 2.86
2 3 1 580 6.85 4.64 4.69 3.87 3.42 2.38 2.99
2 3 1 600 7.32 4.84 4.88 3.99 3.61 2.55 3.13
2 3 1 620 7.5 4.97 5.16 4.26 3.83 2.75 3.26
2 3 2 220 2.2 0 0 0 0 0 0
2 3 2 240 2.42 0 0 0 0 0 0
2 3 2 260 2.72 0 0 0 0 0 0
2 3 2 280 3.27 0 0.39 0 0 0 0
2 3 2 300 3.5 0 0.69 0 0 0 0
2 3 2 320 3.8 1.66 1.57 0 0 0 0
2 3 2 340 3.99 1.88 1.9 0.28 0.27 0 0
2 3 2 360 4.29 1.99 1.99 0.57 0.59 0 0
2 3 2 380 4.5 1.99 2.35 1.32 0.95 0 0
2 3 2 400 4.69 2.25 2.43 1.6 1.42 0 0
2 3 2 420 4.86 2.39 2.66 1.81 1.6 0.21 0
2 3 2 440 5.3 2.67 2.83 1.99 1.89 0.45 0
2 3 2 460 5.48 2.88 3.23 2.29 2.25 0.6 0
2 3 2 480 5.64 3.16 3.46 2.44 2.36 1.44 0
2 3 2 500 6.2 3.43 3.66 2.66 2.57 1.62 0
2 3 2 520 6.4 3.61 3.84 2.82 2.95 1.99 0
2 3 2 540 6.63 3.79 4.37 3.4 3.21 1.99 0
2 3 2 560 6.81 4.15 4.6 3.65 3.45 2.3 0
2 3 2 580 7.21 4.3 4.8 3.88 3.65 2.5 0
2 3 2 600 7.37 4.52 4.99 3.99 3.87 2.7 0
2 3 2 620 7.59 4.77 5.33 4.36 4.19 2.9 0
2 3 3 220 2.34 0 0 0 0 0 0
2 3 3 240 2.55 0 0 0 0 0 0
2 3 3 260 2.83 0 0 0 0 0 0
2 3 3 280 3.2 0 0.4 0 0 0 0
2 3 3 300 3.38 0 0.78 0 0 0 0
2 3 3 320 3.6 1.5 1.39 0 0 0 0 cont'd103
2 3 3 340 3.79 1.51 1.53 0.3 0 0 0
2 3 3 360 4.28 1.99 1.84 0.54 0 0 0
2 3 3 380 4.45 1.99 2.13 1.38 0 0 0
2 3 3 400 4.66 2.28 2.37 1.62 0.99 0 0
2 3 3 420 4.85 2.35 2.5 1.86 1.42 0.2 0
2 3 3 440 5.26 2.65 2.74 2.18 1.58 0.51 0
2 3 3 460 5.41 2.93 2.92 2.32 1.86 0.72 0
2 3 3 480 5.58 3.25 3.28 2.45 2.18 1.39 0
2 3 3 500 5.77 3.39 3.46 2.66 2.32 1.64 0
2 3 3 520 6.27 3.56 3.61 3.26 2.47 1.89 0
2 3 3 540 6.48 3.74 4.21 3.36 2.66 2.25 0
2 3 3 560 6.66 4.21 4.38 3.57 2.83 2.47 0
2 3 3 580 6.82 4.39 4.62 3.76 3.27 2.63 0
N W REPGDDSTM TO T1 T2 T10T20 TOO
2 3 3 600 7.18 4.55 4.81 3.95 3.51 2.84 0
2 3 3 620 7.32 4.74 4.99 4.19 3.69 3.24 0
3 1 1 220 2.14 0 0 0 0 0 0
3 1 1 240 2.36 0 0 0 0 0 0
3 1 1 260 2.67 0 0 0 0 0 0
3 1 1 280 3.36 0 0.59 0 0 0 0
3 1 1 300 3.53 1.4 0.78 0 0 0 0
3 1 1 320 3.81 1.75 1.65 0.11 0 0 0
3 1 1 340 4.2 1.98 1.98 0.4 0.25 0 0
3 1 1 360 4.31 2.18 2.28 1.34 0.54 0 0
3 1 1 380 4.52 2.41 2.41 1.53 0.91 0 0
3 1 1 400 4.76 2.54 2.57 1.86 1.4 0 0.9
3 1 1 420 4.92 2.9 2.99 1.99 1.62 0.38 0.99
3 1 1 440 5.36 3.12 3.26 2.3 1.99 0.55 1.5
3 1 1 460 5.5 3.32 3.46 2.46 2.26 1.4 1.95
3 1 1 480 5.65 3.46 3.58 2.62 2.42 1.58 1.99
3 1 1 500 6.2 3.72 3.78 2.84 2.64 1.93 2.34
3 1 1 520 6.38 4.25 4.29 3.36 2.83 2.3 2.48
3 1 1 540 6.61 4.4 4.48 3.56 3.26 2.39 2.72
3 1 1 560 6.76 4.58 4.71 3.76 3.47 2.65 2.99
3 1 1 580 6.94 4.78 4.89 3.93 3.7 2.85 3.29
3 1 1 600 7.3 4.93 5.29 4.22 3.86 3.26 3.5
3 1 1 620 7.49 4.99 5.45 4.38 4.22 3.48 3.68
3 1 2 220 2.29 0 0 0 0 0 0
3 1 2 240 2.42 0 0 0 0 0 0
3 1 2 260 2.75 0 0 0 0 0 0
3 1 2 280 3.16 0 0.27 0 0 0 0
3 1 2 300 3.34 0 0.75 0 0 0 0
3 1 2 320 3.56 0 1.33 0 0 0 0
3 1 2 340 3.77 1.54 1.49 0.18 0 0 0
3 1 2 360 4.25 1.99 1.99 0.56 0 0 0
3 1 2 380 4.45 1.99 2.22 1.28 0.66 0 0
3 1 2 400 4.66 2.2 2.38 1.58 0.99 0 0
3 1 2 420 4.86 2.4 2.55 1.83 1.46 0.12 0
3 1 2 440 5.3 2.65 2.82 2.16 1.57 0.4 0
3 1 2 460 5.44 2.86 2.99 2.34 1.89 0.68 0
3 1 2 480 5.58 3.24 3.27 2.47 2.26 1.36 0
3 1 2 500 5.8 3.38 3.45 2.72 2.32 1.72 0
3 1 2 520 6.26 3.59 3.6 3.19 2.48 1.99 0
3 1 2 540 6.49 3.8 3.78 3.34 2.67 2.2 0
3 1 2 560 6.67 4.2 4.39 3.56 3.21 2.4 0
3 1 2 580 6.63 4.38 4.6 3.75 3.36 2.59 0
3 1 2 600 7.13 4.59 4.57 3.91 3.55 2.78 0
3 1 2 620 7.3 4.77 4.95 4.2 3.77 3.25 0
3 1 3 220 2.29 0 0 0 0 0 0
3 1 3 240 2.47 0 0 0 0 0 0
3 1 3 260 2.76 0 0 0 0 0 0
3 1 3 280 3.3 0 0.38 0 0 0 0 coned104
3 1 3 300 3.47 0 0.66 0 0 0 0
3 1 3 320 3.71 1.75 1.38 0.12 0 0 0
3 1 3 340 3.9 1.98 1.64 0.27 0 0 0
3 1 3 360 4.33 2.2 1.99 0.64 0 0 0
3 1 3 380 4.51 2.35 2.25 1.32 0 0 0
3 1 3 400 4.68 2.48 2.43 1.33 1.2 0 0
3 1 3 420 5.23 2.75 2.58 1.96 1.46 0 0
3 1 3 440 5.39 2.97 2.82 2.34 1.69 0.45 0
3 1 3 460 5.54 3.2 3.23 2.48 1.96 0.61 0
3 1 3 480 5.68 3.34 3.34 2.62 2.28 1.45 0
3 1 3 500 6.22 3.56 3.52 2.87 2.47 1.69 0
3 1 3 520 6.4 3.76 3.71 3.19 2.65 2.28 0
3 1 3 540 6.57 4.21 4.3 3.35 2.84 2.28 0
3 1 3 560 6.77 4.42 4.56 3.55 3.26 2.38 0
3 1 3 580 6.91 4.62 4.78 3.71 3.46 2.58 0
N W REPGDDSTM TO T1 T2 T10T20 TOO
3 1 3 600 7.22 4.77 4.95 3.86 3.64 2.75 0
3 1 3 620 7.4 5.34 5.23 4.3 3.8 3.23 0
3 2 1 220 2.33 0 0 0 0 0 0
3 2 1 240 2.48 0 0 0 0 0 0
3 2 1 260 2.76 0 0 0 0 0 0
3 2 1 280 3.23 0 0 0 0 0 0
3 2 1 300 3.36 1.23 0.26 0 0 0 0
3 2 1 320 3.59 1.52 1.63 0 0 0 0
3 2 1 340 3.77 1.81 1.9 0.19 0 0 0
3 2 1 360 4.25 1.99 1.99 0.51 0 0 0
3 2 1 380 4.45 2.35 2.36 1.42 0.55 0 0.4
3 2 1 400 4.65 2.56 2.53 1.57 1.46 0 0.72
3 2 1 420 5.15 2.84 2.74 1.78 1.62 0 1.45
3 2 1 440 5.3 2.99 2.99 2.19 1.99 0.16 1.7
3 2 1 460 5.47 3.3 3.3 2.29 1.99 0.35 1.95
3 2 1 480 5.66 3.39 3.44 2.46 2.36 0.54 2.23
3 2 1 500 6.21 3.63 3.65 2.64 2.59 1.43 2.46
3 2 1 520 6.29 3.79 3.81 2.82 2.75 1.65 2.61
3 2 1 540 6.46 4.28 3.97 3.29 2.96 1.95 2.84
3 2 1 560 6.65 4.52 4.36 3.48 3.26 1.99 3.24
3 2 1 580 6.81 4.73 4.56 3.69 3.47 2.2 3.35
3 2 1 600 7.28 4.9 4.73 3.87 3.63 2.38 3.55
3 2 1 620 7.43 5.22 4.92 4.28 3.83 2.55 3.73
3 2 2 220 2.27 0 0 0 0 0 0
3 2 2 240 2.48 0 0 0 0 0 0
3 2 2 260 2.76 0 0 0 0 0 0
3 2 2 280 3.22 0 0.21 0 0 0 0
3 2 2 300 3.4 1.5 0.55 0 0 0 0
3 2 2 320 3.62 1.9 1.42 0 0 0 0
3 2 2 340 3.8 1.97 1.68 0.14 0 0 0
3 2 2 360 4.22 2.31 1.99 0.38 0 0 0
3 2 2 380 4.41 2.41 2.28 1.4 0.56 0 0
3 2 2 400 4.62 2.68 2.43 1.72 1.33 0 0.7
3 2 2 420 4.77 2.9 2.61 1.98 1.53 0.14 0.99
3 2 2 440 5.3 3.22 2.89 2.24 1.84 0.35 1.54
3 2 2 460 5.5 3.34 3.25 2.39 1.99 0.53 1.88
3 2 2 480 5.66 3.51 3.44 2.46 2.32 1.5 1.99
3 2 2 500 6.2 3.76 3.62 2.66 2.5 1.78 2.31
3 2 2 520 6.36 3.95 3.83 3.28 2.95 1.96 2.41
3 2 2 540 6.52 4.31 4.34 3.4 2.86 2.22 2.56
3 2 2 560 6.7 4.47 4.54 3.57 3.25 2.37 2.99
3 2 2 580 6.86 4.67 4.8 3.77 3.47 2.56 2.99
3 2 2 600 7.29 4.82 4.97 3.91 3.67 2.74 3.25
3 2 2 620 7.47 4.95 5.29 4.34 3.87 2.89 3.38
3 2 3 220 2.21 0 0 0 0 0 0
3 2 3 240 2.35 0 0 0 0 0 0cont'd105
3 2 3 260 2.63 0 0 0 0 0 0
3 2 3 280 2.85 0 0.17 0 0 0 0
3 2 3 300 3.28 0 0.43 0 0 0 0
3 2 3 320 3.52 1.6 1.52 0 0 0 0
3 2 3 340 3.69 1.96 1.68 0.11 0 0 0
3 2 3 360 4.31 2.3 1.99 0.41 0 0 0
3 2 3 380 4.48 2.44 2.27 1.35 0.6 0 0
3 2 3 400 4.74 2.62 2.5 1.7 1.3 0 0.83
3 2 3 420 4.87 2.92 2.65 1.99 1.53 0 0.99
3 2 3 440 5.3 3.2 2.92 2.27 1.84 0.28 1.27
3 2 3 460 5.49 3.35 3.26 2.4 1.99 0.44 1.72
3 2 3 480 5.66 3.48 3.53 2.56 2.31 1.5 1.95
3 2 3 500 6.2 3.78 3.67 2.8 2.58 1.86 2.3
3 2 3 520 6.38 4.23 4.22 3.35 2.77 1.99 2.48
3 2 3 540 6.56 4.47 4.4 3.48 3.23 2.23 2.68
3 2 3 560 6.76 4.66 4.61 3.68 3.41 2.4 2.96
3 2 3 580 6.94 5.24 4.83 3.86 3.61 2.59 3.22
N W REPGDDSTM TO T1 T2 T10 T20 TOO
3 2 3 600 7.34 5.43 5.21 4.27 3.82 2.81 3.46
3 2 3 620 7.53 5.65 5.33 4.44 4.18 2.99 3.66
3 3 1 220 2.17 0 0 0 0 0 0
3 3 1 240 2.3 0 0 0 0 0 0
3 3 1 260 2.55 0 0 0 0 0 0
3 3 1 280 2.8 0 0 0 0 0 0
3 3 1 300 3.3 0 0.4 0 0 0 0
3 3 1 320 3.53 1.54 1.26 0 0 0 0
3 3 1 340 3.76 1.98 1.52 0 0 0 0
3 3 1 360 4.22 1.99 1.72 0.28 0 0 0
3 3 1 380 4.34 2.32 1.97 1.27 0.3 0 0
3 3 1 400 4.55 2.41 2.22 1.44 0.65 0 0
3 3 1 420 4.75 2.55 2.37 1.7 0.76 0 0.99
3 3 1 440 5.23 2.85 2.6 1.99 1.36 0.14 0.99
3 3 1 460 5.37 2.99 2.82 2.22 1.55 0.5 1.23
3 3 1 480 5.54 3.24 3.21 2.36 1.85 0.47 1.42
3 3 1 500 5.74 3.43 3.4 2.56 2.33 1.36 1.75
3 3 1 520 6.2 3.65 3.57 2.75 2.34 1.61 1.99
3 3 1 540 6.36 3.81 3.75 3.24 2.51 1.88 2.14
3 3 1 560 6.56 4.39 4.26 3.41 2.69 1.99 2.25
3 3 1 580 6.76 4.55 4.48 3.61 2.87 2.13 2.43
3 3 1 600 6.9 4.76 4.69 3.79 3.3 2.24 2.59
3 3 1 620 7.34 5.2 4.88 4.16 3.53 2.33 2.68
3 3 2 220 2.35 0 0 0 0 0 0
3 3 2 240 2.54 0 0 0 0 0 0
3 3 2 260 2.81 0 0 0 0 0 0
3 3 2 280 2.93 0 0.18 0 0 0 0
3 3 2 300 3.35 0 0.27 0 0 0 0
3 3 2 320 3.65 0 1.37 0 0 0 0
3 3 2 340 3.88 0 1.54 0.13 0 0 0
3 3 2 360 4.19 0 1.77 0.43 0 0 0
3 3 2 380 4.34 0 1.99 0.7 0.24 0 0
3 3 2 400 4.53 0 2.2 1.42 0.63 0 0
3 3 2 420 4.73 0 2.33 1.67 0.8 0 0
3 3 2 440 5.19 0 2.57 1.99 1.43 0.13 0
3 3 2 460 5.3 0 2.8 2.25 1.65 0.41 0
3 3 2 480 5.44 0 3.25 2.42 1.88 0.65 0
3 3 2 500 5.65 0 3.46 2.67 2.28 1.29 0
3 3 2 520 6.23 0 3.66 2.85 2.45 1.53 0
3 3 2 540 6.26 0 3.82 3.28 2.62 1.8 0
3 3 2 560 6.68 0 4.38 3.5 2.89 1.99 0
3 3 2 580 6.89 0 4.55 3.7 2.25 2.27 0
3 3 2 600 6.99 0 4.75 3.88 2.41 2.42 0
3 3 2 620 7.29 0 5.93 4.17 3.58 2.6 0cont'd106
3 3 3 220 2.2 0 0 0 0 0 0
3 3 3 240 2.39 0 0 0 0 0 0
3 3 3 260 2.59 0 0 0 0 0 0
3 3 3 280 2.8 0 0.2 0 0 0 0
3 3 3 300 3.28 1.4 0.43 0 0 0 0
3 3 3 320 3.48 1.86 1.35 0 0 0 0
3 3 3 340 3.72 1.98 1.54 0 0 0 0
3 3 3 360 3.88 2.3 1.79 0.25 0 0 0
3 3 3 380 4.3 2.5 1.99 1.17 0 0 0.42
3 3 3 400 4.5 2.7 2.36 1.42 0.8 0 0.85
3 3 3 420 4.66 2.93 2.51 1.71 1.37 0 0.6
3 3 3 440 5.24 3.18 2.71 1.9 1.61 0.12 1.5
3 3 3 460 5.36 3.33 3.26 2.25 1.96 0.25 1.7
3 3 3 480 5.55 3.48 3.22 2.42 2.19 0.42 1.99
3 3 3 500 5.74 3.72 3.54 2.61 2.35 1.42 2.31
3 3 3 520 6.23 4.24 3.67 2.78 2.48 1.57 2.43
3 3 3 540 6.39 4.4 4.3 3.28 2.67 1.84 2.57
3 3 3 560 6.58 4.55 4.47 3.5 2.86 1.99 2.69
3 3 3 580 6.75 4.74 4.67 3.65 3.28 2.12 2.75
N W REPGDDS TM TO T1 T2 T1OT20 TOO
3 3 3 600 7.28 4.89 4.85 3.82 3.44 2.17 2.81
3 3 3 620 7.44 5.22 5.27 4.27 3.63 2.22 2.86
N W REPGDDST3 TO1 T11 T100T4 T02 T30
1 1 1 220 0 0 0 0 0 0 0
1 1 1 240 0 0 0 0 0 0 0
1 1 1 260 0 0 0 0 0 0 0
1 1 1 280 0 0 0 0 0 0 0
1 1 1 300 0 0 0 0 0 0 0
1 1 1 320 0 0 0 0 0 0 0
1 1 1 340 0 0 0 0 0 0 0
1 1 1 360 0 0 0 0 0 0 0
1 1 1 380 0 0 0 0 0 0 0
1 1 1 400 0 0 0 0 0 0 0
1 1 1 420 0 0 0 0 0 0 0
1 1 1 440 0.18 0.44 0.08 0 0 0 0
1 1 1 460 1.31 0.88 0.56 0 0 0 0
1 1 1 480 1.64 1.48 0.88 0 0 0 0
1 1 1 500 1.99 1.75 1.41 0 0 0 0
1 1 1 520 1.99 1.99 1.75 0 0 0 0
1 1 1 540 2.23 2.25 1.99 1.35 0 0 0.09
1 1 1 560 2.42 2.42 2.21 1.63 0.07 0.11 0.29
1 1 1 580 2.64 2.61 2.42 1.99 1.75 0.37 1.33
1 1 1 600 2.82 2.8 2.61 2.32 1.99 1.7 1.6
1 1 1 620 2.95 3.31 2.79 2.54 1.99 1.99 1.91
1 1 2 220 0 0 0 0 0 0 0
1 1 2 240 0 0 0 0 0 0 0
1 1 2 260 0 0 0 0 0 0 0
1 1 2 280 0 0 0 0 0 0 0
1 1 2 300 0 0 0 0 0 0 0
1 1 2 320 0 0 0 0 0 0 0
1 1 2 340 0 0 0 0 0 0 0
1 1 2 360 0 0 0 0 0 0 0
1 1 2 380 0 0 0 0 0 0 0
1 1 2 400 0 0 0.35 0 0 0 0
1 1 2 420 0.23 0 0.83 0 0 0 0
1 1 2 440 0.38 0.99 0.99 0 0 0 0
1 1 2 460 1.68 0.99 1.33 0 0 0 0
1 1 2 480 1.99 1.55 1.56 0 0 0 0
1 1 2 500 2.18 1.77 1.87 0 0 0 0cont'd107
1 1 2 520 2.36 1.99 2.28 0.63 0 0 0
1 1 2 540 2.51 2.35 2.41 0.99 0.29 0.19 0
1 1 2 560 2.75 2.59 2.64 1.22 1.94 0.52 1.42
1 1 2 580 3.35 2.81 2.82 1.42 1.99 1.6 1.71
1 1 2 600 3.64 2.99 3.39 1.68 2.26 1.93 1.99
1 1 2 620 3.87 3.26 3.58 1.91 2.42 1.99 2.19
1 1 3 220 0 0 0 0 0 0 0
1 1 3 240 0 0 0 0 0 0 0
1 1 3 260 0 0 0 0 0 0 0
1 1 3 280 0 0 0 0 0 0 0
1 1 3 300 0 0 0 0 0 0 0
1 1 3 320 0 0 0 0 0 0 0
1 1 3 340 0 0 0 0 0 0 0
1 1 3 360 0 0 0 0 0 0 0
1 1 3 380 0 0 0 0 0 0 0
1 1 3 400 0 0 0 0 0 0 0
1 1 3 420 0.1 0 0 0 0 0 0
1 1 3 440 0.23 0 0 0 0 0 0
1 1 3 460 1.19 0.25 0 0 0 0 0
1 1 3 480 1.48 0.99 0.9 0 0 0 0
1 1 3 500 1.76 1.52 0.76 0.4 0 0 0
N W REPGDDST3 TO1 T11 T100T4 T02T30
1 1 3 520 1.99 1.71 0.99 1.26 0 0 0
1 1 3 540 2.35 1.99 1.23 1.47 0.08 0 0.08
1 1 3 560 2.53 2.25 1.35 1.82 0.23 0 0.26
1 1 3 580 2.76 2.4 1.57 1.99 1.44 1.33 1.28
1 1 3 600 3.32 2.62 1.77 2.29 1.99 1.68 1.58
1 1 3 620 3.52 2.78 2.29 2.48 2.21 1.99 1.83
1 2 1 220 0 0 0 0 0 0 0
1 2 1 240 0 0 0 0 0 0 0
1 2 1 260 0 0 0 0 0 0 0
1 2 1 280 0 0 0 0 0 0 0
1 2 1 300 0 0 0 0 0 0 0
1 2 1 320 0 0 0 0 0 0 0
1 2 1 340 0 0 0 0 0 0 0
1 2 1 360 0 0 0 0 0 0 0
1 2 1 380 0 0 0 0 0 0 0
1 2 1 400 0 0 0 0 0 0 0
1 2 1 420 0 0 0 0 0 0 0
1 2 1 440 0.2 0 0 0 0 0 0
1 2 1 460 0.43 0 0.34 0 0 0 0
1 2 1 480 1.48 0 0.79 0.23 0 0 0
1 2 1 500 1.8 0 1.46 0.57 0 0 0
1 2 1 520 1.99 0 1.69 1.35 0 0 0
1 2 1 540 2.18 0 1.96 1.52 0 0 0
1 2 1 560 2.42 0 2.23 1.9 0.22 0 0.34
1 2 1 580 2.61 0 2.46 1.99 1.94 0 0.5
1 2 1 600 2.83 0 2.65 2.34 1.99 0 1.57
1 2 1 620 2.99 0 2.87 2.54 2.19 0 1.84
1 2 2 220 0 0 0 0 0 0 0
1 2 2 240 0 0 0 0 0 0 0
1 2 2 260 0 0 0 0 0 0 0
1 2 2 280 0 0 0 0 0 0 0
1 2 2 300 0 0 0 0 0 0 0
1 2 2 320 0 0 0 0 0 0 0
1 2 2 340 0 0 0 0 0 0 0
1 2 2 360 0 0 0 0 0 0 0
1 2 2 380 0 0 0 0 0 0 0
1 2 2 400 0 0 0 0 0 0 0
1 2 2 420 0 0 0 0 0 0 0
1 2 2 4.40 0.09 0.5 0 0 0 0 0
1 2 2 460 0.28 0.99 0 0 0 0 0cont'd108
1 2 2 480 1.6 1.47 0.5 0 0 0 0
1 2 2 500 1.95 1.65 1.3 0 0 0 0
1 2 2 520 1.99 1.99 1.61 0 0 0 0
1 2 2 540 2.24 2.15 1.99 0 0 0 0
1 2 2 560 2.42 2.34 1.99 0 0.2 0 0.11
1 2 2 580 2.67 2.57 2.3 1.8 1.88 0 0.25
1 2 2 600 2.87 2.78 2.52 1.99 1.99 1.8 1.45
1 2 2 620 2.99 3.21 2.74 2.29 2.19 1.99 1.73
1 2 3 220 0 0 0 0 0 0 0
1 2 3 240 0 0 0 0 0 0 0
1 2 3 260 0 0 0 0 0 0 0
1 2 3 280 0 0 0 0 0 0 0
1 2 3 300 0 0 0 0 0 0 0
1 2 3 320 0 0 0 0 0 0 0
1 2 3 340 0 0 0 0 0 0 0
1 2 3 360 0 0 0 0 0 0 0
1 2 3 380 0 0 0 0 0 0 0
1 2 3 400 0 0 0 0 0 0 0
1 2 3 420 0 0 0 0 0 0 0
1 2 3 440 0.23 0 0 0 0 0 0
1 2 3 460 0.44 0 0 0 0 0 0
1 2 3 480 1.59 0.8 0.58 0 0 0 0
1 2 3 500 1.89 0.99 1.37 0 0 0 0
N W REPGDDST3 TO1 T11 T100T4 T02T30
1 2 3 520 1.99 1.36 1.59 0 0 0 0
1 2 3 540 2.28 1.68 1.77 0 0.15 0 0
1 2 3 560 2.45 1.99 1.99 1.57 1.37 0 0
1 2 3 580 2.69 2.3 2.31 1.92 1.73 0.4 0.48
1 2 3 600 3.24 2.44 2.5 1.99 1.99 1.4 1.4
1 2 3 620 3.42 2.65 2.68 2.14 1.99 1.68 1.11
1 3 1 220 0 0 0 0 0 0 0
1 3 1 240 0 0 0 0 0 0 0
1 3 1 260 0 0 0 0 0 0 0
1 3 1 280 0 0 0 0 0 0 0
1 3 1 300 0 0 0 0 0 0 0
1 3 1 320 0 0 0 0 0 0 0
1 3 1 340 0 0 0 0 0 0 0
1 3 1 360 0 0 0 0 0 0 0
1 3 1 380 0 0 0 0 0 0 0
1 3 1 400 0 0 0 0 0 0 0
1 3 1 420 0 0 0 0 0 0 0
1 3 1 440 0 0 0 0 0 0 0
1 3 1 460 0 0 0 0 0 0 0
1 3 1 480 0 0 0 0 0 0 0
1 3 1 500 0 0 0.28 0 0 0 0
1 3 1 520 0 0 0.99 0 0 0 0
1 3 1 540 0 0 0.99 0 0 0 0
1 3 1 560 0 0 1.69 0.14 0 0 0
1 3 1 580 0 0 1.99 0.39 0 0 0
1 3 1 600 0 0 2.17 1.46 0 0 0
1 3 1 620 0 0 2.44 1.68 0 0 0
1 3 2 220 0 0 0 0 0 0 0
1 3 2 240 0 0 0 0 0 0 0
1 3 2 260 0 0 0 0 0 0 0
1 3 2 280 0 0 0 0 0 0 0
1 3 2 300 0 0 0 0 0 0 0
1 3 2 320 0 0 0 0 0 0 0
1 3 2 340 0 0 0 0 0 0 0
1 3 2 360 0 0 0 0 0 0 0
1 3 2 380 0 0 0 0 0 0 0
1 3 2 400 0 0 0 0 0 0 0
1 3 2 420 0 0 0 0 0 0 0 cont'd109
1 3 2 440 0.09 0 0 0 0 0 0
1 3 2 460 0.29 0 0 0 0 0 0
1 3 2 480 1.35 0 0 0 0 0 0
1 3 2 500 1.66 0 0.79 0 0 0 0
1 3 2 520 1.96 0 1.3 0 0 0 0
1 3 2 540 1.99 0 1.5 0 0 0 0
1 3 2 560 2.31 0 1.85 0 0 0 0
1 3 2 580 2.55 0 2.19 0 0 0 0
1 3 2 600 2.73 0 2.38 0 0.08 0 0
1 3 2 620 3.25 0 2.6 0 1.72 0 0
1 3 3 220 0 0 0 0 0 0 0
1 3 3 240 0 0 0 0 0 0 0
1 3 3 260 0 0 0 0 0 0 0
1 3 3 280 0 0 0 0 0 0 0
1 3 3 300 0 0 0 0 0 0 0
1 3 3 320 0 0 0 0 0 0 0
1 3 3 340 0 0 0 0 0 0 0
1 3 3 360 0 0 0 0 0 0 0
1 3 3 380 0 0 0 0 0 0 0
1 3 3 400 0 0 0 0 0 0 0
1 3 3 420 0 0 0 0 0 0 0
1 3 3 440 0.2 0 0 0 0 0 0
1 3 3 460 0.35 0 0.2 0 0 0 0
1 3 3 480 1.39 0.46 0.58 0 0 0 0
1 3 3 500 1.72 0.99 0.87 0 0 0 0
N W REPGDDST3 TO1 T11 T100T4 T02 T30
1 3 3 520 1.99 1.55 1.41 0 0 0 0
1 3 3 540 1.99 1.83 1.66 0 0 0 0
1 3 3 560 2.35 1.99 1.99 1.45 0 0 0.13
1 3 3 580 2.52 1.99 2.27 1.63 0.19 0 0.27
1 3 3 600 2.74 2.25 2.48 1.73 1.84 0.2 1.27
1 3 3 620 2.9 2.44 2.69 2.22 1.99 0.41 1.47
2 1 1 220 0 0 0 0 0 0 0
2 1 1 240 0 0 0 0 0 0 0
2 1 1 260 0 0 0 0 0 0 0
2 1 1 280 0 0 0 0 0 0 0
2 1 1 300 0 0 0 0 0 0 0
2 1 1 320 0 0 0 0 0 0 0
2 1 1 340 0 0 0 0 0 0 0
2 1 1 360 0 0 0 0 0 0 0
2 1 1 380 0 0 0 0 0 0 0
2 1 1 400 0 0 0 0 0 0 0
2 1 1 420 0 0 0 0 0 0 0
2 1 1 440 0.11 0 0 0 0 0 0
2 1 1 460 0.34 0.4 0 0 0 0 0
2 1 1 480 1.34 0.99 0.29 0 0 0 0
2 1 1 500 1.54 1.42 1.22 0 0 0 0
2 1 1 520 1.87 1.52 1.47 0 0 0 0
2 1 1 540 1.99 1.8 1.72 0.5 0 0 0.07
2 1 1 560 2.26 1.99 1.99 1.42 0 0.25 0.28
2 1 1 580 2.5 2.23 2.25 1.71 1.46 0.34 1.34
2 1 1 600 2.65 2.44 2.43 1.99 1.85 1.42 1.52
2 1 1 620 3.36 2.64 2.6 2.19 1.99 1.8 1.76
2 1 2 220 0 0 0 0 0 0 0
2 1 2 240 0 0 0 0 0 0 0
2 1 2 260 0 0 0 0 0 0 0
2 1 2 280 0 0 0 0 0 0 0
2 1 2 300 0 0 0 0 0 0 0
2 1 2 320 0 0 0 0 0 0 0
2 1 2 340 0 0 0 0 0 0 0
2 1 2 360 0 0 0 0 0 0 0
2 1 2 380 0 0 0 0 0 0 0 coned110
2 1 2 400 0 0 0 0 0 0 0
2 1 2 420 0 0 0 0 0 0 0
2 1 2 440 0.34 0 0 0 0 0 0
2 1 2 460 1.47 0 0.37 0 0 0 0
2 1 2 480 1.8 0.85 0.66 0 0 0 0
2 1 2 500 1.99 1.4 1.39 0.18 0 0 0
2 1 2 520 2.26 1.64 1.57 0.48 0 0 0.21
2 1 2 540 2.41 1.88 1.89 1.21 0 0 0.34
2 1 2 560 2.6 1.99 2.27 1.35 0.26 0 1.5
2 1 2 580 3.23 2.2 2.45 1.8 1.99 0.46 1.72
2 1 2 600 3.38 2.35 2.64 1.99 1.99 1.48 1.99
2 1 2 620 3.62 2.53 2.84 2.29 2.41 1.73 2.25
2 1 3 220 0 0 0 0 0 0 0
2 1 3 240 0 0 0 0 0 0 0
2 1 3 260 0 0 0 0 0 0 0
2 1 3 280 0 0 0 0 0 0 0
2 1 3 300 0 0 0 0 0 0 0
2 1 3 320 0 0 0 0 0 0 0
2 1 3 340 0 0 0 0 0 0 0
2 1 3 360 0 0 0 0 0 0 0
2 1 3 380 0 0 0 0 0 0 0
2 1 3 400 0 0 0 0 0 0 0
2 1 3 420 0 0 0 0 0 0 0
2 1 3 440 0.42 0 0 0 0 0 0
2 1 3 460 1.42 0 0.55 0 0 0 0
2 1 3 480 1.78 0 1.32 0.55 0 0 0
2 1 3 500 1.99 0 1.52 0.72 0 0 0
N W REPGDDST3 TO1 T11 T100T4 T02T30
2 1 3 520 2.3 0.29 1.82 1.41 0 0 0
2 1 3 540 2.48 0.54 1.99 1.5 0 0 0.3
2 1 3 560 2.71 1.56 2.38 1.99 1.77 0 1.38
2 1 3 580 3.37 1.91 2.55 2.22 1.99 0 1.66
2 1 3 600 3.59 1.99 2.77 2.39 1.99 0 1.99
2 1 3 620 3.83 2.11 2.99 2.6 2.37 0 2.2
2 2 1 220 0 0 0 0 0 0 0
2 2 1 240 0 0 0 0 0 0 0
2 2 1 260 0 0 0 0 0 0 0
2 2 1 280 0 0 0 0 0 0 0
2 2 1 300 0 0 0 0 0 0 0
2 2 1 320 0 0 0 0 0 0 0
2 2 1 340 0 0 0 0 0 0 0
2 2 1 360 0 0 0 0 0 0 0
2 2 1 380 0 0 0 0 0 0 0
2 2 1 400 0 0 0 0 0 0 0
2 2 1 420 0 0 0 0 0 0 0
2 2 1 440 0.08 0 0 0 0 0 0
2 2 1 460 0.26 0.7 0.36 0 0 0 0
2 2 1 480 1.47 1.26 0.64 0 0 0 0
2 2 1 500 1.86 1.61 1.45 0.19 0 0 0
2 2 1 520 1.99 1.85 1.83 0.36 0 0 0
2 2 1 540 2.25 1.99 1.99 0.56 0 0 0
2 2 1 560 2.41 2.31 2.31 1.91 0 0 0
2 2 1 580 2.57 2.5 2.52 1.99 1.44 0 0.36
2 2 1 600 2.75 2.68 2.71 2.33 1.99 0 1.36
2 2 1 620 3.33 2.88 3.26 2.51 1.99 0 1.54
2 2 2 220 0 0 0 0 0 0 0
2 2 2 240 0 0 0 0 0 0 0
2 2 2 260 0 0 0 0 0 0 0
2 2 2 280 0 0 0 0 0 0 0
2 2 2 300 0 0 0 0 0 0 0
2 2 2 320 0 0 0 0 0 0 0
2 2 2 340 0 0 0 0 0 0 0 cont'dun un
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2 3 2 320 0 0 0 0 0 0 0
2 3 2 340 0 0 0 0 0 0 0
2 3 2 360 0 0 0 0 0 0 0
2 3 2 380 0 0 0 0 0 0 0
2 3 2 400 0 0 0 0 0 0 0
2 3 2 420 0.1 0 0 0 0 0 0
2 3 2 440 0.3 0 0.28 0 0 0 0
2 3 2 460 1.26 0 0.8 0 0 0 0
2 3 2 480 1.47 0 1.34 0.33 0 0 0
2 3 2 500 1.92 0.66 1.65 0.55 0 0 0
2 3 2 520 1.99 0.99 1.92 1.29 0 0 0
2 3 2 540 2.21 1.33 1.99 1.63 0 0 0
2 3 2 560 2.35 1.57 2.26 1.99 0 0 0
2 3 2 580 2.57 1.99 2.48 2.13 0.1 0 0
2 3 2 600 2.77 1.99 2.7 2.28 1.44 0 0
2 3 2 620 2.92 2.12 2.9 2.51 1.99 0 0
2 3 3 220 0 0 0 0 0 0 0
2 3 3 240 0 0 0 0 0 0 0
2 3 3 260 0 0 0 0 0 0 0
2 3 3 280 0 0 0 0 0 0 0
2 3 3 300 0 0 0 0 0 0 0
2 3 3 320 0 0 0 0 0 0 0
2 3 3 340 0 0 0 0 0 0 0
2 3 3 360 0 0 0 0 0 0 0
2 3 3 380 0 0 0 0 0 0 0
2 3 3 400 0 0 0 0 0 0 0
2 3 3 420 0 0 0 0 0 0 0
2 3 3 440 0.31 0 0 0 0 0 0
2 3 3 460 1.33 0 0.26 0 0 0 0
2 3 3 480 1.51 0 0.61 0 0 0 0
2 3 3 500 1.78 0.6 1.38 0.33 0 0 0
N W REPGDDST3 TO1 T11 T100T4 T02T30
2 3 3 520 1.99 0.99 1.59 1.35 0 0 0
2 3 3 540 2.24 1.41 1.81 1.45 0 0 0.09
2 3 3 560 2.4 1.52 1.99 1.68 0.15 0 0.21
2 3 3 580 2.56 1.94 2.27 1.99 1.57 0 1.23
2 3 3 600 2.7 1.99 2.41 2.2 1.88 0 1.45
2 3 3 620 3.33 1.99 2.58 2.32 1.99 0 1.63
3 1 1 220 0 0 0 0 0 0 0
3 1 1 240 0 0 0 0 0 0 0
3 1 1 260 0 0 0 0 0 0 0
3 1 1 280 0 0 0 0 0 0 0
3 1 1 300 0 0 0 0 0 0 0
3 1 1 320 0 0 0 0 0 0 0
3 1 1 340 0 0 0 0 0 0 0
3 1 1 360 0 0 0 0 0 0 0
3 1 1 380 0 0 0 0 0 0 0
3 1 1 400 0 0 0 0 0 0 0
3 1 1 420 0.26 0 0.52 0 0 0 0
3 1 1 440 1.38 0.58 0.99 0.26 0 0 0
3 1 1 460 1.56 1.17 1.34 0.46 0 0 0
3 1 1 480 1.92 1.45 1.56 1.15 0 0 0
3 1 1 500 2.21 1.76 1.87 1.46 0 0 0
3 1 1 520 2.32 1.99 2.26 1.65 0 0 0.18
3 1 1 540 2.47 2.24 2.42 1.99 0 0 0.34
3 1 1 560 2.67 2.43 2.64 2.16 1.71 0 1.42
3 1 1 580 2.85 2.56 2.83 2.36 1.99 0.2 1.68
3 1 1 600 3.41 2.74 3.31 2.57 2.18 0.36 1.95
3 1 1 620 3.66 3.25 3.53 2.76 2.41 1.69 1.99
3 1 2 220 0 0 0 0 0 0 0
3 1 2 240 0 0 0 0 0 0 0
3 1 2 260 0 0 0 0 0 0 0 cont'd113
3 1 2 280 0 0 0 0 0 0 0
3 1 2 300 0 0 0 0 0 0 0
3 1 2 320 0 0 0 0 0 0 0
3 1 2 340 0 0 0 0 0 0 0
3 1 2 360 0 0 0 0 0 0 0
3 1 2 380 0 0 0 0 0 0 0
3 1 2 400 0 0 0 0 0 0 0
3 1 2 420 0.29 0 0 0 0 0 0
3 1 2 440 0.47 0 0.23 0 0 0 0
3 1 2 460 1.32 0 0.53 0 0 0 0
3 1 2 480 1.54 0.36 0.84 0 0 0 0
3 1 2 500 1.87 0.99 1.48 0.37 0 0 0
3 1 2 520 2.22 1.35 1.72 0.58 0 0 0
3 1 2 540 2.37 1.48 1.99 1.4 0.16 0 0.25
3 1 2 560 2.55 1.88 2.31 1.68 1.5 0 1.3
3 1 2 580 2.76 2.18 2.51 1.87 1.99 0.31 1.47
3 1 2 600 3.3 2.29 2.7 2.32 1.99 1.22 1.79
3 1 2 620 3.57 2.5 2.85 2.52 2.3 1.47 1.99
3 1 3 220 0 0 0 0 0 0 0
3 1 3 240 0 0 0 0 0 0 0
3 1 3 260 0 0 0 0 0 0 0
3 1 3 280 0 0 0 0 0 0 0
3 1 3 300 0 0 0 0 0 0 0
3 1 3 320 0 0 0 0 0 0 0
3 1 3 340 0 0 0 0 0 0 0
3 1 3 360 0 0 0 0 0 0 0
3 1 3 380 0 0 0 0 0 0 0
3 1 3 400 0 0 0 0 0 0 0
3 1 3 420 0.28 0 0 0 0 0 0
3 1 3 440 1.35 0 0.4 0 0 0 0
3 1 3 460 1.55 0 0.77 0 0 0 0
3 1 3 480 1.7 0.99 1.34 0.36 0 0 0
3 1 3 500 1.99 1.42 1.59 0.64 0 0 0
N W REPGDDST3 TO1 T11 T100T4 T02T30
3 1 3 520 2.36 1.75 1.88 1.45 0.08 0 0.14
3 1 3 540 2.5 1.99 2.2 1.59 0.19 0 0.28
3 1 3 560 2.68 1.99 2.35 1.95 1.6 0.27 1.33
3 1 3 580 3.25 2.25 2.53 1.99 1.99 1.47 1.65
3 1 3 600 3.43 2.41 2.68 2.3 1.99 1.68 1.85
3 1 3 620 3.64 2.61 3.25 2.45 2.26 1.99 1.99
3 2 1 220 0 0 0 0 0 0 0
3 2 1 240 0 0 0 0 0 0 0
3 2 1 260 0 0 0 0 0 0 0
3 2 1 280 0 0 0 0 0 0 0
3 2 1 300 0 0 0 0 0 0 0
3 2 1 320 0 0 0 0 0 0 0
3 2 1 340 0 0 0 0 0 0 0
3 2 1 360 0 0 0 0 0 0 0
3 2 1 380 0 0 0 0 0 0 0
3 2 1 400 0 0 0 0 0 0 0
3 2 1 420 0 0.22 0 0 0 0 0
3 2 1 440 0.35 0.59 0.66 0 0 0 0
3 2 1 460 1.31 1.35 0.99 0 0 0 0
3 2 1 480 1.56 1.54 1.21 0 0 0 0
3 2 1 500 1.84 1.76 1.5 0 0 0 0
3 2 1 520 1.99 1.99 1.62 0 0 0 0
3 2 1 540 2.23 2.24 1.87 0 0 0 0
3 2 1 560 2.37 2.41 1.99 0 0 0 0
3 2 1 580 2.57 2.58 2.23 0 0 0 0
3 2 1 600 2.71 2.77 2.42 0 0 0 0
3 2 1 620 3.37 3.29 2.57 0 0 0 0
3 2 2 220 0 0 0 0 0 0 0cont'dL
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3 2 1 560 0 0 0 0 0 0 0
3 2 1 580 0 0 0 0 0 0 0
3 2 1 600 0 0 0 0 0 0 0
3 2 1 620 0 0 0 0 0 0 0
3 2 2 220 0 0 0 0 0 0 0
3 2 2 240 0 0 0 0 0 0 0
3 2 2 260 0 0 0 0 0 0 0
3 2 2 280 0 0 0 0 0 0 0
3 2 2 300 0 0 0 0 0 0 0
3 2 2 320 0 0 0 0 0 0 0
3 2 2 340 0 0 0 0 0 0 0
3 2 2 360 0 0 0 0 0 0 0
3 2 2 380 0 0 0 0 0 0 0
3 2 2 400 0 0 0 0 0 0 0
3 2 2 420 0 0 0 0 0 0 0
3 2 2 440 0 0 0 0 0 0 0
3 2 2 460 0 0 0 0 0 0 0
3 2 2 480 0 0 0 0 0 0 0
3 2 2 500 0 0 0 0 0 0 0
3 2 2 520 0 0 0 0 0 0 0
3 2 2 540 0 0 0 0 0 0 0
3 2 2 560 0 0 0 0 0 0 0
3 2 2 580 0 0 0 0 0 0 0
3 2 2 600 0 0 0 0 0 0 0
3 2 2 620 0 0 0 0 0 0 0
3 2 3 220 0 0 0 0 0 0 0
3 2 3 240 0 0 0 0 0 0 0
3 2 3 260 0 0 0 0 0 0 0
3 2 3 280 0 0 0 0 0 0 0
3 2 3 300 0 0 0 0 0 0 0
3 2 3 320 0 0 0 0 0 0 0
3 2 3 340 0 0 0 0 0 0 0
3 2 3 360 0 0 0 0 0 0 0
3 2 3 380 0 0 0 0 0 0 0
3 2 3 400 0 0 0 0 0 0 0
3 2 3 420 0 0 0 0 0 0 0
3 2 3 440 0 0 0 0 0 0 0
N W REPGDDST21 T101T000T12 T110T200TO10
3 2 3 460 0 0 0 0 0 0 0
3 2 3 480 0 0 0 0 0 0 0
3 2 3 500 0 0 0 0 0 0 0
3 2 3 520 0 0 0 0 0 0 0
3 2 3 540 0.14 0 0.5 0 0 0 0
3 2 3 560 0.4 0 1.4 0 0 0 0
3 2 3 580 1.64 0 1.46 0 0 0 0
3 2 3 600 1.94 0 1.99 0 0 0 0cont'd124
3 2 3 620 1.99 0 1.99 0 0 0 0
3 3 1 220 0 0 0 0 0 0 0
3 3 1 240 0 0 0 0 0 0 0
3 3 1 260 0 0 0 0 0 0 0
3 3 1 280 0 0 0 0 0 0 0
3 3 1 300 0 0 0 0 0 0 0
3 3 1 320 0 0 0 0 0 0 0
3 3 1 340 0 0 0 0 0 0 0
3 3 1 360 0 0 0 0 0 0 0
3 3 1 380 0 0 0 0 0 0 0
3 3 1 400 0 0 0 0 0 0 0
3 3 1 420 0 0 0 0 0 0 0
3 3 1 440 0 0 0 0 0 0 0
3 3 1 460 0 0 0 0 0 0 0
3 3 1 480 0 0 0 0 0 0 0
3 3 1 500 0 0 0 0 0 0 0
3 3 1 520 0 0 0 0 0 0 0
3 3 1 540 0 0 0 0 0 0 0
3 3 1 560 0 0 0 0 0 0 0
3 3 1 580 0 0 0 0 0 0 0
3 3 1 600 0 0 0 0 0 0 0
3 3 1 620 0 0 0 0 0 0 0
3 3 2 220 0 0 0 0 0 0 0
3 3 2 240 0 0 0 0 0 0 0
3 3 2 260 0 0 0 0 0 0 0
3 3 2 280 0 0 0 0 0 0 0
3 3 2 300 0 0 0 0 0 0 0
3 3 2 320 0 0 0 0 0 0 0
3 3 2 340 0 0 0 0 0 0 0
3 3 2 360 0 0 0 0 0 0 0
3 3 2 380 0 0 0 0 0 0 0
3 3 2 400 0 0 0 0 0 0 0
3 3 2 420 0 0 0 0 0 0 0
3 3 2 440 0 0 0 0 0 0 0
3 3 2 460 0 0 0 0 0 0 0
3 3 2 480 0 0 0 0 0 0 0
3 3 2 500 0 0 0 0 0 0 0
3 3 2 520 0 0 0 0 0 0 0
3 3 2 540 0 0 0 0 0 0 0
3 3 2 560 0 0 0 0 0 0 0
3 3 2 580 0.42 0 0 0 0 0 0
3 3 2 600 1.47 0 0 0 0 0 0
3 3 2 620 1.77 0 0 0 0 0 0
3 3 3 220 0 0 0 0 0 0 0
3 3 3 240 0 0 0 0 0 0 0
3 3 3 260 0 0 0 0 0 0 0
3 3 3 280 0 0 0 0 0 0 0
3 3 3 300 0 0 0 0 0 0 0
3 3 3 320 0 0 0 0 0 0 0
3 3 3 340 0 0 0 0 0 0 0
3 3 3 360 0 0 0 0 0 0 0
3 3 3 380 0 0 0 0 0 0 0
3 3 3 400 0 0 0 0 0 0 0
3 3 3 420 0 0 0 0 0 0 0
3 3 3 440 0 0 0 0 0 0 0
N W REPGDDST21 T101T000T12T110T200T010
3 3 3 460 0 0 0 0 0 0 0
3 3 3 480 0 0 0 0 0 0 0
3 3 3 500 0 0 0 0 0 0 0
3 3 3 520 0 0 0 0 0 0 0
3 3 3 540 0 0 0 0 0 0 0
3 3 3 560 0 0 0 0 0 0 0 conVd125
3
3
3
3
3
3
3
3
3
580
600
620
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0 0
0 0
0 0
N W REPGDDSTO11T1000T201T22T40 T31
1 1 1 220 0 0 0 0 0 0
1 1 1 240 0 0 0 0 0 0
1 1 1 260 0 0 0 0 0 0
1 1 1 280 0 0 0 0 0 0
1 1 1 300 0 0 0 0 0 0
1 1 1 320 0 0 0 0 0 0
1 1 1 340 0 0 0 0 0 0
1 1 1 360 0 0 0 0 0 0
1 1 1 380 0 0 0 0 0 0
1 1 1 400 0 0 0 0 0 0
1 1 1 420 0 0 0 0 0 0
1 1 1 440 0 0 0 0 0 0
1 1 1 460 0 0 0 0 0 0
1 1 1 480 0 0 0 0 0 0
1 1 1 500 0 0 0 0 0 0
1 1 1 520 0 0 0 0 0 0
1 1 1 540 0 0 0 0 0 0
1 1 1 560 0.33 0 0 0 0 0
1 1 1 580 0.77 0 0 0 0 0
1 1 1 600 1.47 0 0 0 0 0
1 1 1 620 1.73 0 0 0 0 0
1 1 2 220 0 0 0 0 0 0
1 1 2 240 0 0 0 0 0 0
1 1 2 260 0 0 0 0 0 0
1 1 2 280 0 0 0 0 0 0
1 1 2 300 0 0 0 0 0 0
1 1 2 320 0 0 0 0 0 0
1 1 2 340 0 0 0 0 0 0
1 1 2 360 0 0 0 0 0 0
1 1 2 380 0 0 0 0 0 0
1 1 2 400 0 0 0 0 0 0
1 1 2 420 0 0 0 0 0 0
1 1 2 440 0 0 0 0 0 0
1 1 2 460 0 0 0 0 0 0
1 1 2 480 0 0 0 0 0 0
1 1 2 500 0 0 0 0 0 0
1 1 2 520 0 0 0 0 0 0
1 1 2 540 0 0 0 0 0 0
1 1 2 560 0 0 0 0 0 0
1 1 2 580 0 0 0 0 0 0
1 1 2 600 0 0.38 0 0 0 0
1 1 2 620 0 0.52 0.17 0.05 0 0
1 1 3 220 0 0 0 0 0 0
1 1 3 240 0 0 0 0 0 0
1 1 3 260 0 0 0 0 0 0
1 1 3 280 0 0 0 0 0 0
1 1 3 300 0 0 0 0 0 0
1 1 3 320 0 0 0 0 0 0
1 1 3 340 0 0 0 0 0 0
1 1 3 360 0 0 0 0 0 0
1 1 3 380 0 0 0 0 0 0
N W REPGDDS TO11T1000 T201T22 T40 T31
1 1 3 400 0 0 0 0 0 0
1 1 3 420 0 0 0 0 0 0
1 1 3 440 0 0 0 0 0 0
1 1 3 460 0 0 0 0 0 0 coned126
1 1 3 480 0 0 0 0 0 0
1 1 3 500 0 0 0 0 0 0
1 1 3 520 0 0 0 0 0 0
1 1 3 540 0 0 0 0 0 0
1 1 3 560 0 0 0 0 0 0
1 1 3 580 0 0 0 0 0 0
1 1 3 600 0 0 0 0 0 0
1 1 3 620 0 0 0 0 0 0
1 2 1 220 0 0 0 0 0 0
1 2 1 240 0 0 0 0 0 0
1 2 1 260 0 0 0 0 0 0
1 2 1 280 0 0 0 0 0 0
1 2 1 300 0 0 0 0 0 0
1 2 1 320 0 0 0 0 0 0
1 2 1 340 0 0 0 0 0 0
1 2 1 360 0 0 0 0 0 0
1 2 1 380 0 0 0 0 0 0
1 2 1 400 0 0 0 0 0 0
1 2 1 420 0 0 0 0 0 0
1 2 1 440 0 0 0 0 0 0
1 2 1 460 0 0 0 0 0 0
1 2 1 480 0 0 0 0 0 0
1 2 1 500 0 0 0 0 0 0
1 2 1 520 0 0 0 0 0 0
1 2 1 540 0 0 0 0 0 0
1 2 1 560 0 0 0 0 0 0
1 2 1 580 0 0 0 0 0 0
1 2 1 600 0 0 0 0 0 0
1 2 1 620 0 0 0 0 0 0
1 2 2 220 0 0 0 0 0 0
1 2 2 240 0 0 0 0 0 0
1 2 2 260 0 0 0 0 0 0
1 2 2 280 0 0 0 0 0 0
1 2 2 300 0 0 0 0 0 0
1 2 2 320 0 0 0 0 0 0
1 2 2 340 0 0 0 0 0 0
1 2 2 360 0 0 0 0 0 0
1 2 2 380 0 0 0 0 0 0
1 2 2 400 0 0 0 0 0 0
1 2 2 420 0 0 0 0 0 0
1 2 2 440 0 0 0 0 0 0
1 2 2 460 0 0 0 0 0 0
1 2 2 480 0 0 0 0 0 0
1 2 2 500 0 0 0 0 0 0
1 2 2 520 0 0 0 0 0 0
1 2 2 540 0 0 0 0 0 0
1 2 2 560 0 0 0 0 0 0
1 2 2 580 0 0 0 0 0 0
1 2 2 600 0 0 0 0 0 0
1 2 2 620 0 0 0 0 0 0
1 2 3 220 0 0 0 0 0 0
1 2 3 240 0 0 0 0 0 0
1 2 3 260 0 0 0 0 0 0
1 2 3 280 0 0 0 0 0 0
1 2 3 300 0 0 0 0 0 0
1 2 3 320 0 0 0 0 0 0
1 2 3 340 0 0 0 0 0 0
1 2 3 360 0 0 0 0 0 0
1 2 3 380 0 0 0 0 0 0
N W REPGDDS TOHT1000 T201T22 T40 T31
1 2 3 400 0 0 0 0 0 0
1 2 3 420 0 0 0 0 0 0cont' d0
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1 3 3 400 0 0 0 0 0 0
1 3 3 420 0 0 0 0 0 0
1 3 3 440 0 0 0 0 0 0
1 3 3 460 0 0 0 0 0 0
1 3 3 480 0 0 0 0 0 0
1 3 3 500 0 0 0 0 0 0
1 3 3 520 0 0 0 0 0 0
1 3 3 540 0 0 0 0 0 0
1 3 3 560 0 0 0 0 0 0
1 3 3 580 0 0 0 0 0 0
1 3 3 600 0 0 0 0 0 0
1 3 3 620 0 0 0 0 0 0
2 1 1 220 0 0 0 0 0 0
2 1 1 240 0 0 0 0 0 0
2 1 1 260 0 0 0 0 0 0
2 1 1 280 0 0 0 0 0 0
2 1 1 300 0 0 0 0 0 0
2 1 1 320 0 0 0 0 0 0
2 1 1 340 0 0 0 0 0 0
2 1 1 360 0 0 0 0 0 0
2 1 1 380 0 0 0 0 0 0
2 1 1 400 0 0 0 0 0 0
2 1 1 420 0 0 0 0 0 0
2 1 1 440 0 0 0 0 0 0
2 1 1 460 0 0 0 0 0 0
2 1 1 480 0 0 0 0 0 0
2 1 1 500 0 0 0 0 0 0
2 1 1 520 0 0 0 0 0 0
2 1 1 540 0 0 0 0 0 0
2 1 1 560 0 0 0 0 0 0
2 1 1 580 0 0 0 0 0 0
2 1 1 600 0 0 0 0 0 0
2 1 1 620 0 0 0 0 0 0
2 1 2 220 0 0 0 0 0 0
2 1 2 240 0 0 0 0 0 0
2 1 2 260 0 0 0 0 0 0
2 1 2 280 0 0 0 0 0 0
2 1 2 300 0 0 0 0 0 0
2 1 2 320 0 0 0 0 0 0
2 1 2 340 0 0 0 0 0 0
2 1 2 360 0 0 0 0 0 0
2 1 2 380 0 0 0 0 0 0
2 1 2 400 0 0 0 0 0 0
2 1 2 420 0 0 0 0 0 0
2 1 2 440 0 0 0 0 0 0
2 1 2 460 0 0 0 0 0 0
2 1 2 480 0 0 0 0 0 0
2 1 2 500 0 0 0 0 0 0
2 1 2 520 0 0 0 0 0 0
2 1 2 540 0 0 0 0 0 0
2 1 2 560 0 0 0 0 0 0
2 1 2 580 0 0 0 0 0 0
2 1 2 600 0 0 0 0 0 0
2 1 2 620 0 0 0 0 0 0
2 1 3 220 0 0 0 0 0 0
2 1 3 240 0 0 0 0 0 0
2 1 3 260 0 0 0 0 0 0
2 1 3 280 0 0 0 0 0 0
2 1 3 300 0 0 0 0 0 0
2 1 3 320 0 0 0 0 0 0
2 1 3 340 0 0 0 0 0 0
2 1 3 360 0 0 0 0 0 0
2 1 3 380 0 0 0 0 0 0cont' d129
N W REPGDDSTO11T1000T201T22 T40 T31
2 1 3 400 0 0 0 0 0 0
2 1 3 420 0 0 0 0 0 0
2 1 3 440 0 0 0 0 0 0
2 1 3 460 0 0 0 0 0 0
2 1 3 480 0 0 0 0 0 0
2 1 3 500 0 0 0 0 0 0
2 1 3 520 0 0 0 0 0 0
2 1 3 540 0 0 0 0 0 0
2 1 3 560 0 0 0 0 0 0
2 1 3 580 0 0 0 0 0 0
2 1 3 600 0 0 0 0 0 0
2 1 3 620 0 0 0 0 0.13 0.25
2 2 1 220 0 0 0 0 0 0
2 2 1 240 0 0 0 0 0 0
2 2 1 260 0 0 0 0 0 0
2 2 1 280 0 0 0 0 0 0
2 2 1 300 0 0 0 0 0 0
2 2 1 320 0 0 0 0 0 0
2 2 1 340 0 0 0 0 0 0
2 2 1 360 0 0 0 0 0 0
2 2 1 380 0 0 0 0 0 0
2 2 1 400 0 0 0 0 0 0
2 2 1 420 0 0 0 0 0 0
2 2 1 440 0 0 0 0 0 0
2 2 1 460 0 0 0 0 0 0
2 2 1 480 0 0 0 0 0 0
2 2 1 500 0 0 0 0 0 0
2 2 1 520 0 0 0 0 0 0
2 2 1 540 0 0 0 0 0 0
2 2 1 560 0 0 0 0 0 0
2 2 1 580 0 0 0 0 0 0
2 2 1 600 0 0 0 0 0 0
2 2 1 620 0 0 0 0 0 0
2 2 2 220 0 0 0 0 0 0
2 2 2 240 0 0 0 0 0 0
2 2 2 260 0 0 0 0 0 0
2 2 2 280 0 0 0 0 0 0
2 2 2 300 0 0 0 0 0 0
2 2 2 320 0 0 0 0 0 0
2 2 2 340 0 0 0 0 0 0
2 2 2 360 0 0 0 0 0 0
2 2 2 380 0 0 0 0 0 0
2 2 2 400 0 0 0 0 0 0
2 2 2 420 0 0 0 0 0 0
2 2 2 440 0 0 0 0 0 0
2 2 2 460 0 0 0 0 0 0
2 2 2 480 0 0 0 0 0 0
2 2 2 500 0 0 0 0 0 0
2 2 2 520 0 0 0 0 0 0
2 2 2 540 0 0 0 0 0 0
2 2 2 560 0 0 0 0 0 0
2 2 2 580 0 0 0 0 0 0
2 2 2 600 0 0 0 0 0 0
2 2 2 620 0 0 0 0 0 0
2 2 3 220 0 0 0 0 0 0
2 2 3 240 0 0 0 0 0 0
2 2 3 260 0 0 0 0 0 0
2 2 3 280 0 0 0 0 0 0
2 2 3 300 0 0 0 0 0 0
2 2 3 320 0 0 0 0 0 0
2 2 3 340 0 0 0 0 0 0cont'd2
2
2
2
3
3
360
380
0
0
0
0
0
0
0
0
0
0
0
0
N W REPGDDSTO11T1000T201T22T40 T31
2 2 3 400 0 0 0 0 0 0
2 2 3 420 0 0 0 0 0 0
2 2 3 440 0 0 0 0 0 0
2 2 3 460 0 0 0 0 0 0
2 2 3 480 0 0 0 0 0 0
2 2 3 500 0 0 0 0 0 0
2 2 3 520 0 0 0 0 0 0
2 2 3 540 0 0 0 0 0 0
2 2 3 560 0 0 0 0 0 0
2 2 3 580 0 0 0 0 0 0
2 2 3 600 0 0 0 0 0 0
2 2 3 620 0 0 0 0 0 0
2 3 1 220 0 0 0 0 0 0
2 3 1 240 0 0 0 0 0 0
2 3 1 260 0 0 0 0 0 0
2 3 1 280 0 0 0 0 0 0
2 3 1 300 0 0 0 0 0 0
2 3 1 320 0 0 0 0 0 0
2 3 1 340 0 0 0 0 0 0
2 3 1 360 0 0 0 0 0 0
2 3 1 380 0 0 0 0 0 0
2 3 1 400 0 0 0 0 0 0
2 3 1 420 0 0 0 0 0 0
2 3 1 440 0 0 0 0 0 0
2 3 1 460 0 0 0 0 0 0
2 3 1 480 0 0 0 0 0 0
2 3 1 500 0 0 0 0 0 0
2 3 1 520 0 0 0 0 0 0
2 3 1 540 0 0 0 0 0 0
2 3 1 560 0 0 0 0 0 0
2 3 1 580 0 0 0 0 0 0
2 3 1 600 0 0 0 0 0 0
2 3 1 620 0 0 0 0 0 0
2 3 2 220 0 0 0 0 0 0
2 3 2 240 0 0 0 0 0 0
2 3 2 260 0 0 0 0 0 0
2 3 2 280 0 0 0 0 0 0
2 3 2 300 0 0 0 0 0 0
2 3 2 320 0 0 0 0 0 0
2 3 2 340 0 0 0 0 0 0
2 3 2 360 0 0 0 0 0 0
2 3 2 380 0 0 0 0 0 0
2 3 2 400 0 0 0 0 0 0
2 3 2 420 0 0 0 0 0 0
2 3 2 440 0 0 0 0 0 0
2 3 2 460 0 0 0 0 0 0
2 3 2 480 0 0 0 0 0 0
2 3 2 500 0 0 0 0 0 0
2 3 2 520 0 0 0 0 0 0
2 3 2 540 0 0 0 0 0 0
2 3 2 560 0 0 0 0 0 0
2 3 2 580 0 0 0 0 0 0
2 3 2 600 0 0 0 0 0 0
2 3 2 620 0 0 0 0 0 0
2 3 3 220 0 0 0 0 0 0
2 3 3 240 0 0 0 0 0 0
2 3 3 260 0 0 0 0 0 0
2 3 3 280 0 0 0 0 0 0
2 3 3 300 0 0 0 0 0 0cont'd
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3 1 3 280 0 0 0 0 0 0
3 1 3 300 0 0 0 0 0 0
3 1 3 320 0 0 0 0 0 0
3 1 3 340 0 0 0 0 0 0
3 1 3 360 0 0 0 0 0 0
3 1 3 380 0 0 0 0 0 0
N W REPGDDS -ronT1000T201T22T40 T31
3 1 3 400 0 0 0 0 0 0
3 1 3 420 0 0 0 0 0 0
3 1 3 440 0 0 0 0 0 0
3 1 3 460 0 0 0 0 0 0
3 1 3 480 0 0 0 0 0 0
3 1 3 500 0 0 0 0 0 0
3 1 3 520 0 0 0 0 0 0
3 1 3 540 0 0 0 0 0 0
3 1 3 560 0 0 0 0 0 0
3 1 3 580 0 0 0 0 0 0
3 1 3 600 0 0 0 0 0 0
3 1 3 620 0 0 0 0 0 0
3 2 1 220 0 0 0 0 0 0
3 2 1 240 0 0 0 0 0 0
3 2 1 260 0 0 0 0 0 0
3 2 1 280 0 0 0 0 0 0
3 2 1 300 0 0 0 0 0 0
3 2 1 320 0 0 0 0 0 0
3 2 1 340 0 0 0 0 0 0
3 2 1 360 0 0 0 0 0 0
3 2 1 380 0 0 0 0 0 0
3 2 1 400 0 0 0 0 0 0
3 2 1 420 0 0 0 0 0 0
3 2 1 440 0 0 0 0 0 0
3 2 1 460 0 0 0 0 0 0
3 2 1 480 0 0 0 0 0 0
3 2 1 500 0 0 0 0 0 0
3 2 1 520 0 0 0 0 0 0
3 2 1 540 0 0 0 0 0 0
3 2 1 560 0 0 0 0 0 0
3 2 1 580 0 0 0 0 0 0
3 2 1 600 0 0 0 0 0 0
3 2 1 620 0 0 0 0 0 0
3 2 2 220 0 0 0 0 0 0
3 2 2 240 0 0 0 0 0 0
3 2 2 260 0 0 0 0 0 0
3 2 2 280 0 0 0 0 0 0
3 2 2 300 0 0 0 0 0 0
3 2 2 320 0 0 0 0 0 0
3 2 2 340 0 0 0 0 0 0
3 2 2 360 0 0 0 0 0 0
3 2 2 380 0 0 0 0 0 0
3 2 2 400 0 0 0 0 0 0
3 2 2 420 0 0 0 0 0 0
3 2 2 440 0 0 0 0 0 0
3 2 2 460 0 0 0 0 0 0
3 2 2 480 0 0 0 0 0 0
3 2 2 500 0 0 0 0 0 0
3 2 2 520 0 0 0 0 0 0
3 2 2 540 0 0 0 0 0 0
3 2 2 560 0 0 0 0 0 0
3 2 2 580 0 0 0 0 0 0
3 2 2 600 0 0 0 0 0 0
3 2 2 620 0 0 0 0 0 0
3 2 3 220 0 0 0 0 0 0cont'd133
3 2 3 240 0 0 0 0 0 0
3 2 3 260 0 0 0 0 0 0
3 2 3 280 0 0 0 0 0 0
3 2 3 300 0 0 0 0 0 0
3 2 3 320 0 0 0 0 0 0
3 2 3 340 0 0 0 0 0 0
3 2 3 360 0 0 0 0 0 0
3 2 3 380 0 0 0 0 0 0
N W REPGDDSTOIAT1000T201T22T40 T31
3 2 3 400 0 0 0 0 0 0
3 2 3 420 0 0 0 0 0 0
3 2 3 440 0 0 0 0 0 0
3 2 3 460 0 0 0 0 0 0
3 2 3 480 0 0 0 0 0 0
3 2 3 500 0 0 0 0 0 0
3 2 3 520 0 0 0 0 0 0
3 2 3 540 0 0 0 0 0 0
3 2 3 560 0 0 0 0 0 0
3 2 3 580 0 0 0 0 0 0
3 2 3 600 0 0 0 0 0 0
3 2 3 620 0 0 0 0 0 0
3 3 1 220 0 0 0 0 0 0
3 3 1 240 0 0 0 0 0 0
3 3 1 260 0 0 0 0 0 0
3 3 1 280 0 0 0 0 0 0
3 3 1 300 0 0 0 0 0 0
3 3 1 320 0 0 0 0 0 0
3 3 1 340 0 0 0 0 0 0
3 3 1 360 0 0 0 0 0 0
3 3 1 380 0 0 0 0 0 0
3 3 1 400 0 0 0 0 0 0
3 3 1 420 0 0 0 0 0 0
3 3 1 440 0 0 0 0 0 0
3 3 1 460 0 0 0 0 0 0
3 3 1 480 0 0 0 0 0 0
3 3 1 500 0 0 0 0 0 0
3 3 1 520 0 0 0 0 0 0
3 3 1 540 0 0 0 0 0 0
3 3 1 560 0 0 0 0 0 0
3 3 1 580 0 0 0 0 0 0
3 3 1 600 0 0 0 0 0 0
3 3 1 620 0 0 0 0 0 0
3 3 2 220 0 0 0 0 0 0
3 3 2 240 0 0 0 0 0 0
3 3 2 260 0 0 0 0 0 0
3 3 2 280 0 0 0 0 0 0
3 3 2 300 0 0 0 0 0 0
3 3 2 320 0 0 0 0 0 0
3 3 2 340 0 0 0 0 0 0
3 3 2 360 0 0 0 0 0 0
3 3 2 380 0 0 0 0 0 0
3 3 2 400 0 0 0 0 0 0
3 3 2 420 0 0 0 0 0 0
3 3 2 440 0 0 0 0 0 0
3 3 2 460 0 0 0 0 0 0
3 3 2 480 0 0 0 0 0 0
3 3 2 500 0 0 0 0 0 0
3 3 2 520 0 0 0 0 0 0
3 3 2 540 0 0 0 0 0 0
3 3 2 560 0 0 0 0 0 0
3 3 2 580 0 0 0 0 0 0
3 3 2 600 0 0 0 0 0 0cont'd3 3 2 620 0 0 0 0 0 0
3 3 3 220 0 0 0 0 0 0
3 3 3 240 0 0 0 0 0 0
3 3 3 260 0 0 0 0 0 0
3 3 3 280 0 0 0 0 0 0
3 3 3 300 0 0 0 0 0 0
3 3 3 320 0 0 0 0 0 0
3 3 3 340 0 0 0 0 0 0
3 3 3 360 0 0 0 0 0 0
3 3 3 380 0 0 0 0 0 0
N W REPGDDST011T1000T201T22T40 T31
3 3 3 400 0 0 0 0 0 0
3 3 3 420 0 0 0 0 0 0
3 3 3 440 0 0 0 0 0 0
3 3 3 460 0 0 0 0 0 0
3 3 3 480 0 0 0 0 0 0
3 3 3 500 0 0 0 0 0 0
3 3 3 520 0 0 0 0 0 0
3 3 3 540 0 0 0 0 0 0
3 3 3 560 0 0 0 0 0 0
3 3 3 580 0 0 0 0 0 0
3 3 3 600 0 0 0 0 0 0
3 3 3 620 0 0 0 0 0 0
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Appendix Table 5. Effect of nitrogen and water stress on plant height and ear components of
designated tillers of Yecora Rojo spring wheat.
Plant Height (cm)
N W REP TM TO T1 T2 T10 T20 TOO T3 TOl
1 1 1 49.5 41 41 43 38.5 42.5 0 41 45
1 1 2 56 54 49 48 48 52.5 0 52.5 48
1 1 3 45.5 0 34.5 44 39 33 0 38.5 0
1 2 1 47 43 44.5 40 46 39 0 42 39.5
1 2 2 49 37.5 44 43 39.5 36 0 44.5 0
1 3 1 50 0 46.5 44.5 40.5 34.5 0 37.5 0
1 3 2 51 0 37 36 34 0 0 37 0
1 3 3 43 37 27.5 41 34.5 31 0 35 0
2 1 1 46 44 45 44 42 46 45 46 46
2 1 2 43 41 34.5 43 42 41.5 40.5 42.5 0
2 I 3 46.5 45 39.5 44 42 41 37.5 38.5 41
2 2 2 51.5 48 43 46.5 40.5 35 40.5 42.5 37.5
2 2 3 48 36 34.5 33.5 35 0 0 38.5 0
2 3 1 44 0 38 37 0 0 0 0 0
2 3 2 40 0 35 35 0 0 0 0 0
2 3 3 46 0 39 40.5 35.5 0 0 34.5 0
3 1 1 48 42 41 43 38 39 43.5 42 43.5
3 1 2 43.5 0 41 45 42.5 38 0 40.5 0
3 1 3 42 34 37 40 36.5 35 37.5 35.5 0
3 2 1 44.4 35 43 46 39.5 37.5 41 40.5 0
3 2 2 46 42 43 45.5 37.5 42.5 0 42.5 38.5
3 2 3 51.5 47.5 44 44 43.5 42 0 47.5 42.5
3 3 1 42 0 34.5 42 34.5 31 0 34.5 0
3 3 2 42 0 39.5 0 34.5 25.5 0 27 0
N W REP
Ear Length (cm)
TM TO T1 T2 TIO T20 TOO T3 T01
1 1 1 10 8.5 10 9.5 9.5 9.5 0 9 9
1 1 2 10.5 9.5 11 10.5 9.5 10.75 0 10.5 8.5
1 1 3 9.5 0 7 9.5 9 7 0 8 0
t 2 1 10 9.5 10 9.5 9.5 10 0 9.5 9
1 2 2 10 8.5 9.5 10 9 9 0 8.5 0
1 3 I 11.5 0 10.5 11 10.5 9 0 10 0
1 3 2 10 0 10 9.5 10 0 0 9.5 0
1 3 3 10.5 8.5 7.5 9.5 9 8.5 0 9 0
2 1 1 9 8.5 8.5 8.5 8.5 8.5 8.5 9 8
2 1 2 9.5 9 8 9.5 9 9.5 9 9 0
2 1 3 10 9.5 10 10 8.5 8.5 8.5 9 8.5
2 2 2 9.5 10 10 10 9.5 9 9 9 8.5
2 2 3 10.5 9.5 8 9 10 0 0 9.5 0
2 3 1 10 0 10.5 10.5 0 0 0 0 0
2 3 2 9.5 0 10.5 10 0 0 0 0 0
2 3 3 10.5 0 11 10.5 10 0 0 10 0
3 1 1 10 9 10 9.5 9 8.5 8 9 8.5
3 1 2 9.5 0 9.5 10 8.5 8 0 9.5 0
3 1 3 9 7.5 9 9 8 7 7 8 0
3 2 1 8.5 7.5 9 9 8 7.5 7.5 7.5 0
3 2 2 10.5 10 10.5 10 8.5 9 0 9.5 8
3 2 3 10.5 8.5 10 9.5 8.5 7.5 0 9 9
3 3 1 9.5 0 8.5 9.5 9 7.5 0 8 0
3 3 2 10.5 0 10.5 0 9 6 0 5.5 0
Total number of Spike lets
cont'd136
N W REP TM TO T1 T2 T10 T20 TOO T3 TO1
1 1 1 20 20 20 20 20 19 0 19 17
1 1 2 20 19 21 20 19 21 0 20 16
1 1 3 18 0 17 20 20 17 0 19 0
1 2 1 21 19 20 20 19 20 0 20 19
1 2 2 20 19 19 20 20 20 0 19 0
1 3 1 21 0 21 21 20 20 0 22 0
1 3 2 20 0 19 19 20 0 0 20 0
1 3 3 19 18 18 18 19 18 0 19 0
2 1 1 19 19 18 17 18 17 17 18 17
2 1 2 19 18 17 20 18 20 17 20 0
2 1 3 21 20 21 21 19 19 19 19 18
2 2 2 20 20 20 21 20 20 19 21 20
2 2 3 21 20 21 19 19 0 0 21 0
2 3 1 19 0 19 20 0 0 0 0 0
2 3 2 20 0 20 20 0 0 0 0 0
2 3 3 21 0 21 20 20 0 0 20 0
3 1 1 21 20 21 20 19 20 18 21 18
3 1 2 20 0 20 20 20 18 0 20 0
3 1 3 18 17 17 18 17 16 15 18 0
3 2 1 19 18 18 20 18 18 17 19 0
3 2 2 20 19 20 20 18 19 0 20 17
3 2 3 21 21 21 21 20 18 0 20 18
3 3 1 20 0 19 19 19 18 0 19 0
3 3 2 20 0 20 0 19 14 0 14 0
N W REP
Unfertile Spike lets
TM TO T1 T2 T10 T20 TOO T3 TO1
1 1 1 5 7 7 1 9 1 0 11 1
1 1 2 2 1 2 4 3 2 0 1 1
1 1 3 0 0 11 4 1 7 0 1 0
1 2 1 1 2 2 4 1 2 0 2 3
1 2 2 1 3 2 2 4 2 0 2 0
1 3 1 2 0 2 1 1 3 0 3 0
1 3 2 0 0 2 3 2 0 0 4 0
1 3 3 1 3 8 1 4 5 0 3 0
2 1 1 1 2 1 1 2 1 2 2 1
2 1 2 4 1 10 1 4 1 3 3 0
2 1 3 1 1 1 1 1 1 3 1 2
2 2 2 1 1 1 1 2 3 1 2 2
2 2 3 1 2 2 2 1 0 0 1 0
2 3 1 0 0 1 1 0 0 0 0 0
2 3 2 0 0 1 1 0 0 0 0 0
2 3 3 1 0 1 3 3 0 0 5 0
3 1 1 1 2 2 3 2 4 3 4 2
3 1 2 1 0 2 2 4 2 0 4 0
3 1 3 1 3 1 2 3 4 2 3 0
3 2 1 0 4 1 2 4 4 6 2 0
3 2 2 2 3 3 3 3 3 0 4 3
3 2 3 1 3 2 2 3 4 0 4 4
3 3 1 1 0 3 1 2 2 0 4 0
3 3 2 7 0 5 0 6 7 0 7 0
Fertile Spike lets
N W REP TM TO T1 T2 T10 T20 TOO T3 TO1
1 1 1 15 13 13 19 11 18 0 8 16
1 1 2 18 18 19 16 16 19 0 19 15
1 1 3 18 0 6 16 19 10 0 18 0
1 2 1 20 17 18 16 18 18 0 18 16
1 2 2 19 16 17 18 16 18 0 17 0
1 3 1 19 0 19 20 19 17 0 19 0
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1 3 2 20 0 17 16 18 0 0 16 0
1 3 3 18 15 10 17 15 13 0 16 0
2 1 1 18 17 17 16 16 16 15 16 16
2 1 2 15 17 7 19 14 19 14 17 0
2 1 3 20 19 20 20 18 18 16 18 16
2 2 2 19 19 19 20 18 17 18 19 18
2 2 3 20 18 19 17 18 0 0 20 0
2 3 1 19 0 18 19 0 0 0 0 0
2 3 2 20 0 19 19 0 0 0 0 0
2 3 3 20 0 20 17 17 0 0 15 0
3 1 1 20 18 19 17 17 16 15 17 16
3 1 2 19 0 18 18 16 16 0 16 0
3 1 3 16 14 16 16 14 12 13 15 0
3 2 1 19 14 17 18 14 14 11 17 0
3 2 2 18 16 17 17 17 16 0 16 14
3 2 3 20 18 19 19 17 14 0 16 14
3 3 1 19 0 16 18 17 16 0 15 0
3 3 2 13 0 15 0 13 7 0 7 0
N W REP
Total number of grain
TM TO T1 T2 T1O T20 TOO T3 TOl
1 1 1 30 26 25 32 17 34 0 17 33
1 1 2 53 44 49 38 34 43 0 49 41
1 1 3 34 0 6 29 39 15 0 33 0
1 2 1 34 36 35 28 36 35 0 37 30
1 2 2 40 31 33 37 39 35 0 33 0
1 3 1 44 0 44 48 42 38 0 43 0
1 3 2 44 0 41 34 35 0 0 37 0
1 3 3 38 35 15 37 31 25 0 28 0
2 1 1 35 37 34 33 29 30 35 33 36
2 1 2 38 34 8 33 33 38 36 38 0
2 1 3 41 38 45 41 36 39 32 37 35
2 2 2 39 38 42 41 31 38 41 40 33
2 2 3 41 35 42 36 38 0 0 39 0
2 3 1 57 0 48 51 0 0 0 0 0
2 3 2 55 0 50 41 0 0 0 0 0
2 3 3 49 0 46 43 36 0 0 31 0
3 1 1 38 32 33 31 26 27 22 31 28
3 1 2 43 0 38 33 32 25 0 31 0
3 1 3 29 21 28 29 27 21 22 27 0
3 2 1 35 22 36 35 24 22 22 33 0
3 2 2 40 37 34 32 28 34 0 31 23
3 2 3 40 32 37 34 29 22 0 36 24
3 3 1 42 0 38 39 39 32 0 33 0
3 3 2 33 0 29 0 26 16 0 13 0
N W REP
Grains/fertile Spike let
TM TO T1 T2 T10 T20 TOO T3 TO1
1 1 1 2 2 1.92 1.68 1.54 1.88 0 2.12 2.06
1 1 2 2.94 2.44 2.57 2.37 2.12 2.26 0 2.57 2.73
1 1 3 1.88 0 1 1.81 2.05 1.5 0 1.83 0
1 2 1 1.7 2.11 1.94 1.75 2 1.94 0 2.05 1.87
1 2 2 2.1 1.93 1.94 2.05 2.43 1.94 0 1.94 0
1 3 1 2.31 0 2.31 2.4 2.21 2.23 0 2.26 0
1 3 2 2.2 0 2.41 2.12 1.94 0 0 2.31 0
1 3 3 2.11 2.33 1.5 2.17 2.06 1.92 0 1.75 0
2 1 1 1.94 2.17 2 2.06 1.81 1.87 2.33 2.06 2.25
2 1 2 2.53 2 1.14 1.73 2.35 2 2.57 2.23 0
2 1 3 2.05 2 2.25 2.05 2 2.16 2 2.05 2.18
2 2 2 2.05 2 2.21 2.05 1.72 2.23 2.27 2.1 1.83
2 2 3 2.05 1.94 2.21 2.11 2.11 0 0 1.95 0
2 3 1 3 0 2.66 2.68 0 0 0 0 0
cont'd138
2 3 2 2.75 0 2.63 2.15 0 0 0 0 0
2 3 3 2.45 0 2.3 2.52 2.11 0 0 2.06 0
3 1 1 1.9 1.77 1.73 1.82 1.52 1.68 1.46 1.82 1.75
3 1 2 2.26 0 2.11 1.83 2 1.56 0 1.93 0
3 1 3 1.81 1.5 1.75 1.81 1.92 1.75 1.69 1.8 0
3 2 1 1.84 1.57 2.11 1.94 1.71 1.57 2 1.94 0
3 2 2 2.22 2.31 2 1.88 1.64 2.12 0 1.93 1.64
3 2 3 2 1.77 1.94 1.78 1.7 1.57 0 2.25 1.71
3 3 1 2.21 0 2.37 2.16 2.29 2 0 2.2 0
3 3 2 2.53 0 1.93 0 2 2.28 0 1.85 0
N W REP
Grain Wt.(g)
TM TO T1 T2 T10 T20 TOO T3 TO1
1 1 1 1.465 1.218 1.249 1.414 0.902 1.492 0 0.916 1.417
1 1 2 2.086 1.846 1.762 1.716 1.491 1.894 0 1.933 1.594
1 1 3 0.605 0 0.379 1.492 1.76 0.785 0 1.627 0
1 2 1 1.531 1.495 1.589 1.279 1.485 1.178 0 1.386 0.851
1 2 2 1.529 1.041 1.215 1.333 1.151 0.972 0 1.233 0
1 3 1 1.703 0 1.841 1.801 1.563 1.266 0 1.484 0
1 3 2 1.634 0 1.46 0.979 1.063 0 0 1.183 0
1 3 3 1.314 0.959 0.351 1.156 0.86 0.55 0 0.838 0
2 1 1 1.608 1.623 1.608 1.548 1.277 1.296 1.52 1.488 1.384
2 1 2 1.869 1.408 0.447 1.606 1.652 1.727 1.617 1.834 0
2 1 3 1.813 1.719 1.828 1.802 1.549 1.653 1.285 1.626 1.467
2 2 2 1.485 1.279 1.297 1.263 0.891 0.748 1.021 1.086 0.781
2 2 3 1.623 0.995 1.367 0.801 1.096 0 0 1.232 0
2 3 1 1.91 0 1.606 1.361 0 0 0 0 0
2 3 2 1.502 0 1.356 1.064 0 0 0 0 0
2 3 3 1.643 0 1.465 1.244 0.95 0 0 0.84 0
3 1 1 1.458 1.189 1.235 1.183 0.92 0.915 0.87 1.113 0.986
3 1 2 1.771 0 1.52 1.409 1.217 0.969 0 1.367 0
3 1 3 1.131 0.872 1.124 1.048 0.994 0.848 0.715 1.088 0
3 2 1 1.677 1.011 1.668 1.547 1.074 0.968 0.969 1.374 0
3 2 2 1.936 1.699 1.67 1.661 1.171 1.591 0 1.497 1.006
3 2 3 1.912 1.408 1.749 1.597 1.291 0.996 0 1.562 1.043
3 3 1 1.65 0 0.981 1.32 1.096 0.847 0 0.927 0
3 3 2 1.5 0 1.273 0 0.864 0.418 0 0.481 0
N W REP
Mean grain Wt (mg)
TM TO T1 T2 T10 T20 TOO T3 T01
1 1 1 48.83 46.84 49.96 44.18 53.05 43.88 0 53.88 42.93
1 1 2 39.35 41.95 35.95 45.15 43.85 44.04 0 39.44 38.87
1 1 3 17.79 0 63.16 51.44 45.12 52.33 0 49.3 0
1 2 1 45.02 41.52 45.4 45.67 41.25 33.65 0 37.45 28.36
1 2 2 38.22 33.58 36.81 36.02 29.51 27.77 0 37.36 0
1 3 1 38.7 0 41.84 37.52 37.21 33.31 0 34.51 0
1 3 2 48.33 0 35.6 28.79 30.37 0 0 31.97 0
1 3 3 34.57 27.4 23.4 31.24 27.74 22 0 29.92 0
2 1 1 45.94 43.86 47.29 46.9 44.03 43.2 43.42 45.09 38.44
2 1 2 49.18 41.41 55.87 48.66 50.06 45.44 44.91 48.26 0
2 1 3 44.21 45.23 40.62 43.95 43.02 42.38 40.15 43.94 41.91
2 2 2 38.07 33.65 30.88 30.8 28.74 19.68 24.9 27.15 23.66
2 2 3 39.58 28.42 32.54 22.25 28.84 0 0 31.58 0
2 3 1 33.5 0 33.45 26.28 0 0 0 0 0
2 3 2 27.3 0 27.12 25.95 0 0 0 0 0
2 3 3 33.53 0 31.84 28.93 26.38 0 0 27.09 0
3 1 1 38.36 37.15 37.42 38.16 35.38 33.88 39.54 35.9 35.21
3 1 2 41.18 0 40 42.69 38.03 38.76 0 44.09 0
3 1 3 39 41.52 40.14 36.13 36.81 40.38 32.5 40.29 0
3 2 1 47.91 45.95 46.33 44.2 44.75 44 44.04 41.63 0
3 2 2 48.4 45.91 49.11 51.9 41.82 46.79 0 48.29 43.73
3 2 3 47.8 44 47.27 46.97 44.51 45.27 0 43.38 43.45
cont'd139
3 3 1 39.28 0 25.81 33.84 28.1 26.46 0 28.09 0
3 3 2 45.45 0 43.89 0 33.23 26.12 0 37 0
Straw Yield (g)
N W REP TM TO T1 T2 T10 T20 TOO T3 T01
1 1 1 1.411 1.207 1.104 1.321 1.212 1.11 0 1.264 1.337
1 1 2 1.837 1.618 1.464 1.66 1.482 1.671 0 1.672 1.269
1 1 3 1.21 0 0.879 1.182 0.966 0.851 0 1.075 0
1 2 1 1.408 1.143 1.212 1.304 1.235 1.127 0 1.198 0.966
1 2 2 1.073 0.874 1.067 1.06 0.96 0.912 0.353 1.121 0.147
1 3 1 1.543 0 1.536 1.437 1.314 1.138 0 1.306 0
1 3 2 1.482 0 1.018 1.266 1.038 0.257 0 1.147 0
1 3 3 1.264 1.065 0.584 0.775 0.518 0.766 0.083 1.047 0.07
2 1 1 1.206 1.045 1.045 1.09 0.958 0.906 1.055 1.085 0.853
2 1 2 1.417 1.062 0.95 1.233 1.21 1.033 1.011 1.169 0
2 1 3 1.354 1.165 1.163 1.222 1.047 1.106 0.897 1.122 0.992
2 2 2 1.42 1.199 1.195 1.198 0.966 0.85 1.071 1.1 0.87
2 2 3 1.412 0.936 1.157 0.858 0.989 0.416 0.112 1.132 0.16
2 3 1 1.678 0.054 1.38 1.189 0.215 0.116 0 0.209 0
2 3 2 1.551 0.06 1.406 1.275 0.219 0.09 0 0.161 0
2 3 3 1.601 0 1.391 1.37 1.045 0.184 0 1.039 0
3 1 1 1.227 1.044 1.109 1.074 0.854 0.74 0.911 1.002 0.916
3 1 2 1.285 0 1.065 1.14 0.942 0.779 0 1.026 0
3 1 3 1.042 0.695 0.893 1.005 0.732 0.667 0.548 0.824 0
3 2 1 1.315 0.855 1.153 1.217 0.853 0.78 0.709 0.874 0.058
3 2 2 1.222 1.016 1.084 1.245 0.746 1.014 0 1.064 0.73
3 2 3 1.556 1.047 1.225 1.269 0.983 0.885 0 1.19 0.769
3 3 1 1.304 0 0.983 1.22 0.933 0.829 0 1.035 0
3 3 2 1.471 0 1.086 0.885 0.699 0.547 0 0.627 0
Plant Height (cm)
N W REP T11 T100 T4 T02 T30 T21 T101 T12 T110
1 1 1 42.5 41 41 42 43 42 41 40 41
1 1 2 52 50 54 48.5 50.5 52 50 49 48
1 1 3 32 42 41 0 40 42 41 40 39
1 2 1 42.5 38 40.5 36 38 40.5 40 37.5 37.5
1 2 2 37 33 37 0 31 26 0 34 29
1 3 1 38 0 0 0 0 0 0 0 0
1 3 2 41 34.5 0 0 0 0 0 0 0
1 3 3 32 0 0 0 0 0 0 0 0
2 1 1 47 0 44.5 0 41 44 0 43 23.5
2 1 2 43 40.5 42 0 42 41.5 41 41.5 43
2 1 3 39.5 39.5 41 40.5 41 41.5 41 40.5 41.5
2 2 2 37 32.5 38.5 33.5 30.5 33.5 0 27 0
2 2 3 35.5 0 29.5 0 0 29.5 0 0 0
2 3 1 0 0 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0 0 0
2 3 3 36 0 0 0 0 0 0 0 0
3 1 1 42.5 38 43 0 39 42 0 39 38.5
3 1 2 40 37 37.5 0 38.5 38 0 36 37
3 1 3 35.5 33 33 0 38 36 36 35 0
3 2 1 37.5 0 34 0 0 0 0 0 0
3 2 2 42 0 42 0 37.5 42.5 0 37 36.5
3 2 3 42.5 0 42 0 0 40.5 0 0 0
3 3 1 0 0 0 0 0 0 0 0 0
3 3 2 27 0 0 0 0 0 0 0 0
Ear Length (cm)
N W REP T11 T100 T4 T02 T30 T21 T101 T12 T110
1 1 1 9.5 9 9 9 8.5 9 8.5 8 8.5
cont'd140
1 1 2 10.5 9 10 9.5 9.5 10.5 10 9.5 8.5
1 1 3 7 8 8.5 0 8.5 8 8 9 9
1 2 1 10 9.5 8.5 9 8.5 9.5 9 9.5 8
1 2 2 9.5 8.5 9 0 8.5 7 0 9 8
1 3 1 10.5 0 0 0 0 0 0 0 0
1 3 2 10.5 9.5 0 0 0 0 0 0 0
1 3 3 8.5 0 0 0 0 0 0 0 0
2 1 1 9 0 9 0 8.5 9 0 8.5 6.5
2 1 2 9.5 9 8.5 0 8.5 7.5 8.5 8 9
2 1 3 9 9 8.5 8.5 8 9 8 8.5 8
2 2 2 9 9.5 9 9 7.5 8.5 0 6.5 0
2 2 3 9.5 0 8.5 0 0 8.5 0 0 0
2 3 1 0 0 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0 0 0
2 3 3 9.5 0 0 0 0 0 0 0 0
3 1 1 9.5 8 9 0 7.5 8.5 0 7.5 7.5
3 1 2 8.5 7.5 8 0 7 8 0 7.5 6.5
3 1 3 8 7.5 7.5 0 6.5 6.5 6.5 7 0
3 2 1 7.5 0 7.5 0 0 0 0 0 0
3 2 2 9.5 0 8.5 0 7 8.5 0 8 7.5
3 2 3 9 0 7.5 0 0 7.5 0 0 0
3 3 1 0 0 0 0 0 0 0 0 0
3 3 2 7.5 0 0 0 0 0 0 0 0
Total number of Spike lets
N W REP T11 T100 T4 T02 T30 T21 T101 T12 T110
1 1 1 19 17 19 19 16 19 18 18 16
1 1 2 21 18 20 18 18 21 18 19 16
1 1 3 17 16 16 0 17 19 17 17 17
1 2 1 20 20 20 18 17 20 18 20 17
1 2 2 21 18 20 0 18 15 0 19 17
1 3 1 22 0 0 0 0 0 0 0 0
1 3 2 20 20 0 0 0 0 0 0 0
1 3 3 19 0 0 0 0 0 0 0 0
2 1 1 18 0 19 0 17 20 0 18 14
2 1 2 21 18 19 0 16 16 18 19 16
2 1 3 21 19 19 19 17 19 18 19 16
2 2 2 21 18 20 20 14 19 0 13 0
2 2 3 21 0 19 0 0 19 0 0 0
2 3 1 0 0 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0 0 0
2 3 3 20 0 0 0 0 0 0 0 0
3 1 1 21 19 20 0 18 19 0 18 16
3 1 2 20 17 17 0 15 18 0 18 15
3 1 3 17 15 17 0 14 16 14 16 0
3 2 1 19 0 18 0 0 0 0 0 0
3 2 2 20 0 20 0 15 19 0 19 18
3 2 3 20 0 19 0 0 18 0 0 0
3 3 1 0 0 0 0 0 0 0 0 0
3 3 2 17 0 0 0 0 0 0 0 0
Unfertile Spike lets
N W REP T11 T100 T4 T02 T30 T21 T101 T12 T110
1 1 1 9 1 6 2 1 3 4 3 1
1 1 2 3 1 2 1 3 1 0 1 0
1 1 3 9 1 1 0 1 2 1 1 1
1 2 1 2 4 6 3 2 2 2 3 2
1 2 2 3 4 2 0 2 5 0 3 4
1 3 1 1 0 0 0 0 0 0 0 0
1 3 2 1 3 0 0 0 0 0 0 0
1 3 3 5 0 0 0 0 0 0 0 0
2 1 1 1 0 2 0 2 2 0 2 7
cont'd1
4
1
2
1
2
8
4
4
0
1
5
3
5
0
2
1
3
1
2
1
1
1
1
1
3
0
2
2
2
3
4
2
3
3
4
0
5
0
2
2
3
2
0
2
0
0
5
0
0
0
2
3
1
0
0
0
0
0
0
0
0
0
2
3
2
0
0
0
0
0
0
0
0
0
2
3
3
4
0
0
0
0
0
0
0
0
3
1
1
2
6
8
0
5
3
0
6
3
3
1
2
4
3
7
0
4
6
0
5
2
3
1
3
3
2
9
0
2
5
2
4
0
3
2
1
5
0
8
0
0
0
0
0
0
3
2
2
4
0
5
0
4
4
0
4
4
3
2
3
3
0
6
0
0
6
0
0
0
3
3
1
0
0
0
0
0
0
0
0
0
3
3
2
7
0
0
0
0
0
0
0
0
F
e
r
t
i
l
e
S
p
i
k
e
l
e
t
s
N
W
R
E
P
T
1
1
T
1
0
0
T
4
T
0
2
T
3
0
T
2
1
T
1
0
1
T
1
2
T
1
1
0
1
1
1
1
0
1
6
1
3
1
7
1
5
1
6
1
4
1
5
1
5
1
1
2
1
8
1
7
1
8
1
7
1
5
2
0
1
8
1
8
1
6
1
1
3
8
1
5
1
5
0
1
6
1
7
1
6
1
6
1
6
1
2
1
1
8
1
6
1
4
1
5
1
5
1
8
1
6
1
7
1
5
1
2
2
1
8
1
4
1
8
0
1
6
1
0
0
1
6
1
3
1
3
1
2
1
0
0
0
0
0
0
0
0
1
3
2
1
9
1
7
0
0
0
0
0
0
0
1
3
3
1
4
0
0
0
0
0
0
0
0
2
1
1
1
7
0
1
7
0
1
5
1
8
0
1
6
7
2
1
2
1
3
1
4
1
5
0
1
5
1
1
1
5
1
4
1
6
2
1
3
2
0
1
7
1
8
1
8
1
6
1
8
1
7
1
6
1
6
2
2
2
1
8
1
4
1
8
1
7
1
1
1
5
0
8
0
2
2
3
1
9
0
1
7
0
0
1
4
0
0
0
2
3
1
0
0
0
0
0
0
0
0
0
2
3
2
0
0
0
0
0
0
0
0
0
2
3
3
1
6
0
0
0
0
0
0
0
0
3
1
1
1
9
1
3
1
2
0
1
3
1
6
0
1
2
1
3
3
1
2
1
6
1
4
1
0
0
1
1
1
2
0
1
3
1
3
3
1
3
1
4
1
3
8
0
1
2
1
1
1
2
1
2
0
3
2
1
1
4
0
1
0
0
0
0
0
0
0
3
2
2
1
6
0
1
5
0
1
1
1
5
0
1
5
1
4
3
2
3
1
7
0
1
3
0
0
1
2
0
0
0
3
3
1
0
0
0
0
0
0
0
0
0
3
3
2
1
0
0
0
0
0
0
0
0
0
T
o
t
a
l
n
u
m
b
e
r
o
f
g
r
a
i
n
s
N
W
R
E
P
T
1
1
T
1
0
0
T
4
T
0
2
T
3
0
T
2
1
T
1
0
1
T
1
2
T
1
1
0
1
1
1
2
2
3
8
2
8
4
1
3
9
3
3
3
7
3
2
4
2
1
1
2
3
6
3
7
4
8
4
7
4
4
4
8
4
8
4
3
4
7
1
1
3
1
3
3
8
3
0
0
3
6
3
3
3
7
3
6
3
3
1
2
1
3
6
3
2
2
7
3
3
3
4
3
3
3
4
3
5
3
0
1
2
2
3
9
2
7
3
8
0
3
0
1
9
0
3
2
2
6
1
3
1
4
1
0
0
0
0
0
0
0
0
1
3
2
3
8
3
7
0
0
0
0
0
0
0
1
3
3
2
4
0
0
0
0
0
0
0
0
2
1
1
3
5
0
3
6
0
3
3
4
2
0
3
5
1
4
2
1
2
2
9
2
9
2
7
0
3
7
3
1
3
3
3
3
4
5
2
1
3
4
2
4
3
3
5
3
8
4
1
4
3
3
8
4
0
3
7
2
2
2
3
4
2
9
3
7
3
1
2
2
3
1
0
2
0
0
2
2
3
4
1
0
3
3
0
0
2
6
0
0
0
2
3
1
0
0
0
0
0
0
0
0
0
2
3
2
0
0
0
0
0
0
0
0
0
2
3
3
3
6
0
0
0
0
0
0
0
0
3
1
1
3
8
1
9
1
2
0
2
1
2
9
0
2
3
2
3
c
o
n
t
'
d142
3 1 2 34 22 16 0 19 22 0 23 21
3 1 3 26 24 14 0 24 18 20 21 0
3 2 1 21 0 17 0 0 0 0 0 0
3 2 2 33 0 30 0 19 33 0 29 22
3 2 3 34 0 20 0 0 20 0 0 0
3 3 1 0 0 0 0 0 0 0 0 0
3 3 2 17 0 0 0 0 0 0 0 0
Grain/fertile Spike let
N W REP T11 T100 T4 T02 T30 T21 T101 T12 T110
1 1 1 2.2 2.37 2.15 2.41 2.6 2.06 2.64 2.13 2.8
1 1 2 2.25 2.17 2.66 2.76 2.93 2.4 2.66 2.38 2.93
1 1 3 1.62 2.53 2 0 2.25 1.94 2.31 2.25 2.06
1 2 1 2 2 1.92 2.2 2.26 1.83 2.12 2.05 2
1 2 2 2.16 1.92 2.11 0 1.87 1.9 0 2 2
1 3 1 1.95 0 0 0 0 0 0 0 0
1 3 2 2 2.17 0 0 0 0 0 0 0
1 3 3 1.71 0 0 0 0 0 0 0 0
2 1 1 2.05 0 2.11 0 2.2 2.33 0 2.18 2
2 1 2 2.23 2.07 1.8 0 2.46 2.81 2.2 2.35 2.81
2 1 3 2.1 2.52 1.94 2.11 2.56 2.38 2.23 2.5 2.31
2 2 2 1.88 2.07 2.05 1.82 2 2.06 0 2.5 0
2 2 3 2.15 0 1.94 0 0 1.85 0 0 0
2 3 1 0 0 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0 0 0
2 3 3 2.25 0 0 0 0 0 0 0 0
3 1 1 2 1.46 1 0 1.61 1.81 0 1.91 1.76
3 1 2 2.12 1.57 1.6 0 1.72 1.83 0 1.76 1.61
3 1 3 1.85 1.84 1.75 0 2 1.63 1.66 1.75 0
3 2 1 1.5 0 1.7 0 0 0 0 0 0
3 2 2 2.06 0 2 0 1.72 2.2 0 1.93 1.57
3 2 3 2 0 1.53 0 0 1.66 0 0 0
3 3 1 0 0 0 0 0 0 0 0 0
3 3 2 1.7 0 0 0 0 0 0 0 0
Grain Wt. (g)
N W REP 1C11 T100 T4 T02 T30 T21 T101 T12 illo
1 1 1 1.123 1.613 1.308 1.602 1.544 1.409 1.582 1.338 1.541
1 1 2 1.692 1.55 2.044 1.772 1.724 2.015 1.883 1.745 1.708
1 1 3 0.764 1.556 1.462 0 1.575 1.574 1.19 1.63 1.468
1 2 1 1.392 1.001 1.005 0.855 0.912 1.039 1.002 1.055 0.815
1 2 2 1.137 0.571 1.006 0 0.642 0.403 0 0.804 0.468
1 3 1 1.539 0 0 0 0 0 0 0 0
1 3 2 1.455 1.154 0 0 0 0 0 0 0
1 3 3 0.615 0 0 0 0 0 0 0 0
2 1 1 1.504 0 1.609 0 1.288 1.668 0 1.396 0.293
2 1 2 1.567 1.479 1.352 0 1.625 1.291 1.397 1.482 1.792
2 1 3 1.575 1.581 1.622 1.499 1.662 1.713 1.473 1.571 1.33
2 2 2 0.744 0.53 0.742 0.532 0.305 0.529 0 0.28 0
2 2 5 1.07 0 0.788 0 0 0.585 0 0 0
2 3 1 0 0 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0 0 0
2 3 3 0.974 0 0 0 0 0 0 0 0
3 1 1 1.296 0.658 0.542 0 0.64 0.941 0 0.77 0.754
3 1 2 1.225 0.745 0.708 0 0.651 0.741 0 0.724 0.538
3 1 3 1.016 0.876 0.611 0 0.751 0.633 0.659 0.754 0
3 2 1 0.991 0 0.808 0 0 0 0 0 0
3 2 2 1.53 0 1.38 0 0.808 1.468 0 1.162 0.831
3 2 3 1.433 0 0.831 0 0 0.817 0 0 0
3 3 1 0 0 0 0 0 0 0 0 0
3 3 2 0.476 0 0 0 0 0 0 0 0
conted143
Mean grain Wt. (mg)
N W REP T11 T100 T4 T02 T30 T21 T101 T12 T110
1 1 1 51.04 42.44 46.71 39.07 39.58 42.69 42.75 41.81 36.69
1 1 2 47 41.89 42.58 37.7 39.18 41.97 39.22 40.58 36.34
1 1 3 58.76 40.94 48.73 0 43.75 47.69 32.16 45.27 44.48
1 2 1 38.66 31.28 37.22 25.9 26.82 31.48 29.47 30.14 27.16
1 2 2 29.15 21.14 26.47 0 21.4 21.21 0 25.12 18
1 3 1 37.53 0 0 0 0 0 0 0 0
1 3 2 38.28 31.18 0 0 0 0 0 0 0
1 3 3 25.62 0 0 0 0 0 0 0 0
2 1 1 42.97 0 44.69 0 39.03 39.71 0 39.88 20.92
2 1 2 53.67 51 50.07 0 43.91 41.64 42.33 44.9 39.82
2 1 3 37.5 36.76 46.34 39.44 40.53 39.43 38.76 39.27 35.94
2 2 2 21.88 18.27 20.05 17.16 13.86 17.06 0 14 0
2 2 3 26.09 0 23.87 0 0 22.5 0 0 0
2 3 1 0 0 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0 0 0
2 3 3 27.05 0 0 0 0 0 0 0 0
3 1 1 34.1 34.63 45.16 0 30.47 32.44 0 33.47 32.78
3 1 2 36.02 33.86 44.25 0 34.26 33.68 0 31.47 25.61
3 1 3 39.07 36.5 43.64 0 31.29 35.16 32.95 35.9 0
3 2 1 47.19 0 47.52 0 0 0 0 0 0
3 2 2 46.36 0 46 0 42.52 44.48 0 40.06 37.77
3 2 3 42.14 0 41.55 0 0 40.85 0 0 0
3 3 1 0 0 0 0 0 0 0 0 0
3 3 2 28 0 0 0 0 0 0 0 0
Straw yield (g)
N W REP T11 T100 T4 T02 T30 T21 T101 T12 T110
1 1 1 1.246 1.09 1.171 1.119 1.065 1.141 1.174 1.109 0.985
1 1 2 1.708 1.41 1.84 1.546 1.209 1.691 1.619 1.45 1.36
1 1 3 0.88 0.912 1.031 0 0.885 1.014 0.758 0.893 0.945
1 2 1 1.275 1.003 1.142 0.834 0.902 1.097 0.921 1.024 0.858
1 2 2 1.005 0.781 0.927 0 0.681 0.576 0.266 0.894 0.585
1 3 1 1.356 0.382 0.504 0 0.148 0.317 0.16 0.459 0.181
1 3 2 1.305 1.185 0.359 0 0.112 0.345 0.22 0.176 0.133
1 3 3 0.79 0.04 0.23 0 0.048 0.323 0 0 0
2 1 1 1.044 0 1.085 0 0.857 0.992 0 0.886 0.342
2 1 2 1.195 1.043 1.08 0 0.957 0.941 0.937 0.878 1.035
2 1 3 0.971 0.905 1.044 0.978 0.98 1.066 0.88 0.948 0.804
2 2 2 0.961 0.728 0.883 0.796 0.547 0.786 0 0.461 0
2 2 3 1 0.289 0.838 0.11 0.179 0.766 0.131 0.217 0.132
2 3 1 0.166 0.046 0.07 0 0.015 0 0 0 0
2 3 2 0.138 0.04 0.086 0 0.016 0 0 0 0
2 3 3 1.134 0.004 0.096 0 0.034 0.116 0 0 0.01
3 1 1 0.929 0.569 0.844 0.05 0.595 0.787 0 0.606 0.593
3 1 2 0.873 0.679 0.664 0 0.572 0.628 0 0.605 0.508
3 1 3 0.712 0.602 0.557 0 0.526 0.542 0.501 0.55 0
3 2 1 0.751 0 0.734 0 0.013 0 0 0 0
3 2 2 1.012 0 0.96 0 0.573 0.953 0 0.709 0.545
3 2 3 1.029 0 0.704 0 0 0.65 0 0 0
3 3 1 0.425 0.048 0.118 0 0 0.12 0 0 0
3 3 2 0.535 0.052 0.237 0 0.104 0.098 0 0 0.14
Plant Height (cm)
N W REP 7200 T011 T000 T010 T03 122 T31 T40 1201
1 1 1 40 0 29 0 23.5 38.5 0 0
1 1 2 49 0 0 0 0 0 48.5 0 0
1 1 3 43 0 0 0 0 41.5 40.5 0 0
1 2 1 37 0 0 0 0 0 34 0 0
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1 2 2 36 0 0 0 0 0 0 0 0
1 3 1 0 0 0 0 0 0 0 0 0
1 3 2 0 0 0 0 0 0 0 0 0
1 3 3 0 0 0 0 0 0 0 0 0
2 1 1 24 0 42.5 0 0 0 0 24 0
2 1 2 38.5 0 0 0 0 20 26.5 32.5 41
2 1 3 40 0 0 40.5 34.5 35.5 0 0 39.5
2 2 2 0 0 0 0 0 0 0 0 0
2 2 3 0 0 0 0 0 0 0 0
2 3 1 0 0 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0 0 0
2 3 3 0 0 0 0 0 0 0 0 0
3 1 1 0 0 0 0 0 0 0 0 0
3 1 2 35 0 0 0 0 0 0 0 0
3 1 3 37.5 0 0 0 0 0 0 0 37
3 2 1 0 0 0 0 0 0 0 0 0
3 2 2 37 0 0 0 0 0 0 0 0
3 2 3 0 0 0 0 0 0 0 0 0
3 3 1 0 0 0 0 0 0 0 0 0
3 3 2 0 0 0 0 0 0 0 0 0
Ear Length (cm)
N W REP T200 TOIL T000 T010 T03 T22 T31 T40 T201
1 1 1 8 0 0 6 0 6 9 0 0
1 1 2 9.5 0 0 0 0 0 9 0 0
1 1 3 8.5 0 0 0 0 8 8 0 0
1 2 1 8.5 0 0 0 0 0 7 0 0
1 2 2 9 0 0 0 0 0 0 0 0
1 3 1 0 0 0 0 0 0 0 0 0
1 3 2 0 0 0 0 0 0 0 0 0
1 3 3 0 0 0 0 0 0 0 0 0
2 1 1 5.5 0 8 0 0 0 0 5.5 0
2 1 2 8 0 0 0 0 5.5 6 6 8.5
2 1 3 8 0 0 8.5 8.5 6.5 0 0 8
2 2 2 0 0 0 0 0 0 0 0 0
2 2 3 0 0 0 0 0 0 0 0 0
2 3 1 0 0 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0 0 0
2 3 3 0 0 0 0 0 0 0 0 0
3 1 1 0 0 0 0 0 0 0 0 0
3 1 2 6.5 0 0 0 0 0 0 0 0
3 1 3 6 0 0 0 0 0 0 0 6
3 2 1 0 0 0 0 0 0 0 0 0
3 2 2 7 0 0 0 0 0 0 0 0
3 2 3 0 0 0 0 0 0 0 0 0
3 3 1 0 0 0 0 0 0 0 0 0
3 3 2 0 0 0 0 0 0 0 0 0
Total number of Spike lets
N W REP T200 TOH T000 TO10 T03 T22 T31 T40 T201
1 1 1 16 0 0 15 0 15 18 0 0
1 1 2 17 0 0 0 0 0 17 0 0
1 1 3 16 0 0 0 0 17 16 0 0
1 2 1 17 0 0 0 0 17 0 0
1 2 2 20 0 0 0 0 0 0 0 0
1 3 1 0 0 0 0 0 0 0 0 0
1 3 2 0 0 0 0 0 0 0 0 0
1 3 3 0 0 0 0 0 0 0 0 0
2 1 1 15 0 17 0 0 0 0 12 0
2 1 2 15 0 0 0 0 15 12 10 18
2 1 3 16 0 0 17 18 14 0 0 17
2 2 2 0 0 0 0 0 0 0 0 0
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2 2 3 0 0 0 0 0 0 0 0 0
2 3 1 0 0 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0 0 0
2 3 3 0 0 0 0 0 0 0 0 0
3 1 1 0 0 0 0 0 0 0 0 0
3 1 2 15 0 0 0 0 0 0 0 0
3 1 3 13 0 0 0 0 0 0 0 13
3 2 1 0 0 0 0 0 0 0 0 0
3 2 2 16 0 0 0 0 0 0 0 0
3 2 3 0 0 0 0 0 0 0 0 0
3 3 1 0 0 0 0 0 0 0 0 0
3 3 2 0 0 0 0 0 0 0 0 0
Unfertile Spike lets
N W REP T200 TOIL T000 T010 T03 T22 T31 T40 T201
1 1 1 3 0 0 4 0 7 5 0 0
1 1 2 4 0 0 0 0 0 1 0 0
1 1 3 0 0 0 0 0 1 1 0 0
1 2 1 2 0 0 0 0 0 3 0 0
1 2 2 2 0 0 0 0 0 0 0 0
1 3 1 0 0 0 0 0 0 0 0 0
1 3 2 0 0 0 0 0 0 0 0 0
1 3 3 0 0 0 0 0 0 0 0 0
2 1 1 9 0 2 0 0 0 0 5 0
2 1 2 2 0 0 0 0 9 1 1 2
2 1 3 0 0 0 3 6 6 0 0 0
2 2 2 0 0 0 0 0 0 0 0 0
2 2 3 0 0 0 0 0 0 0 0 0
2 3 1 0 0 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0 0 0
2 3 3 0 0 0 0 0 0 0 0 0
3 1 1 0 0 0 0 0 0 0 0 0
3 1 2 4 0 0 0 0 0 0 0 0
3 1 3 2 0 0 0 0 0 0 0 2
3 2 1 0 0 0 0 0 0 0 0 0
3 2 2 3 0 0 0 0 0 0 0 0
3 2 3 0 0 0 0 0 0 4 0 0
3 3 1 0 0 0 0 0 0 0 0 0
3 3 2 0 0 0 0 0 0 0 0 0
Fertile Spike lets
N W REP T200 TO 11 T000 TO10 T03 T22 T31 T40 T201
1 1 1 13 0 0 11 0 8 13 0 0
1 1 2 13 0 0 0 0 0 16 0 0
1 1 3 16 0 0 0 0 16 15 0 0
1 2 1 15 0 0 0 0 0 14 0 0
1 2 2 18 0 0 0 0 0 0 0 0
1 3 1 0 0 0 0 0 0 0 0 0
1 3 2 0 0 0 0 0 0 0 0 0
1 3 3 0 0 0 0 0 0 0 0 0
2 1 1 6 0 15 0 0 0 0 7 0
2 1 2 13 0 0 0 0 6 11 9 16
2 1 3 16 0 0 14 12 8 0 0 17
2 2 2 0 0 0 0 0 0 0 0 0
2 2 3 0 0 0 0 0 0 0 0 0
2 3 1 0 0 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0 0 0
2 3 3 0 0 0 0 0 0 0 0 0
3 1 1 0 0 0 0 0 0 0 0 0
3 1 2 11 0 0 0 0 0 0 0 0
3 1 3 11 0 0 0 0 0 0 0 11
3 2 1 0 0 0 0 0 0 0 0 0
cont'd146
3 2 2 13 0 0 0 0 0 0 0 0
3 2 3 0 0 0 0 0 0 0 0 0
3 3 1 0 0 0 0 0 0 0 0 0
3 3 2 0 0 0 0 0 0 0 0 0
Total Number of grains
N W REP T200 TOH T000 TO10 T03 T22 T31 T40 T201
1 1 1 30 0 0 19 0 18 29 0 0
1 1 2 40 0 0 0 0 0 43 0 0
1 1 3 46 0 0 0 0 37 33 0 0
1 2 1 30 0 0 0 0 0 26 0 0
1 2 2 35 0 0 0 0 0 0 0 0
1 3 1 0 0 0 0 0 0 0 0 0
1 3 2 0 0 0 0 0 0 0 0 0
1 3 3 0 0 0 0 0 0 0 0 0
2 1 1 6 0 36 0 0 0 0 9 0
2 1 2 33 0 0 0 0 11 24 22 32
2 1 3 39 0 0 35 19 18 0 0 34
2 2 2 0 0 0 0 0 0 0 0 0
2 2 3 0 0 0 0 0 0 0 0 0
2 3 1 0 0 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0 0 0
2 3 3 0 0 0 0 0 0 0 0 0
3 1 1 0 0 0 0 0 0 0 0 0
3 1 2 18 0 0 0 0 0 0 0 0
3 1 3 21 0 0 0 0 0 0 0 20
3 2 1 0 0 0 0 0 0 0 0 0
3 2 2 25 0 0 0 0 0 0 0 0
3 2 3 0 0 0 0 0 0 0 0 0
3 3 1 0 0 0 0 0 0 0 0 0
3 3 2 0 0 0 0 0 0 0 0 0
Grain/fertile Spike let
N W REP T200 TOH T000 T010 T03 T22 T31 T40 T201
1 1 1 2.3 0 0 1.72 0 2.25 2.23 0 0
1 1 2 3.07 0 0 0 0 0 2.68 0 0
1 1 3 2.87 0 0 0 0 2.31 2.2 0 0
1 2 1 2 0 0 0 0 0 1.85 0 0
1 2 2 2 0 0 0 0 0 0 0 0
1 3 1 0 0 0 0 0 0 0 0 0
1 3 2 0 0 0 0 0 0 0 0 0
1 3 3 0 0 0 0 0 0 0 0 0
2 1 1 1 0 2.4 0 0 0 0 1.28 0
2 1 2 2.53 0 0 0 0 1.83 2.18 2.44 2
2 1 3 2.43 0 0 2.5 1.58 2.25 0 0 2
2 2 2 0 0 0 0 0 0 0 0 0
2 2 3 0 0 0 0 0 0 0 0 0
2 3 1 0 0 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0 0 0
2 3 3 0 0 0 0 0 0 0 0 0
3 1 1 0 0 0 0 0 0 0 0 0
3 1 2 1.63 0 0 0 0 0 0 0 0
3 1 3 1.9 0 0 0 0 0 0 0 1.81
3 2 1 0 0 0 0 0 0 0 0 0
3 2 2 1.92 0 0 0 0 0 0 0 0
3 2 3 0 0 0 0 0 0 0 0 0
3 3 1 0 0 0 0 0 0 0 0 0
3 3 2 0 0 0 0 0 0 0 0 0
Grain Wt. (g)
cont'd147
N W REP T200 TO11 T000 TO10 T03 T22 T31 T40 T201
1 1 1 1.136 0 0 0.537 0 0.483 1.23 0 0
1 1 2 1.512 0 0 0 0 0 1.63 0 0
1 1 3 1.692 0 0 0 0 1.551 1.282 0 0
1 2 1 0.715 0 0 0 0 0 0.419 0 0
1 2 2 0.893 0 0 0 0 0 0 0 0
1 3 1 0 0 0 0 0 0 0 0 0
1 3 2 0 0 0 0 0 0 0 0 0
1 3 3 0 0 0 0 0 0 0 0 0
2 1 1 0.12 0 1.087 0 0 0 0 0.179 0
2 1 2 1.358 0 0 0 0 0.371 0.586 0.879 1.565
2 1 3 1.411 0 0 1.31 0.818 0.554 0 0 1.393
2 2 2 0 0 0 0 0 0 0 0 0
2 2 3 0 0 0 0 0 0 0 0 0
2 3 1 0 0 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0 0 0
2 3 3 0 0 0 0 0 0 0 0 0
3 1 1 0 0 0 0 0 0 0 0 0
3 1 2 0.459 0 0 0 0 0 0 0 0
3 1 3 0.653 0 0 0 0 0 0 0 0.601
3 2 1 0 0 0 0 0 0 0 0 0
3 2 2 1.008 0 0 0 0 0 0 0 0
3 2 3 0 0 0 0 0 0 0 0 0
3 3 1 0 0 0 0 0 0 0 0 0
3 3 2 0 0 0 0 0 0 0 0 0
Mean grain Wt. (mg)
N W REP T200 TO11 T000 T010 T03 T22 T31 T40 T201
1 1 1 37.86 0 0 28.26 0 26.83 42.41 0 0
1 1 2 37.8 0 0 0 0 0 37.9 0 0
1 1 3 36.78 0 0 0 0 41.91 38.84 0 0
1 2 1 23.83 0 0 0 0 0 16.11 0 0
1 2 2 25.51 0 0 0 0 0 0 0 0
1 3 1 0 0 0 0 0 0 0 0 0
1 3 2 0 0 0 0 0 0 0 0 0
1 3 3 0 0 0 0 0 0 0 0 0
2 1 1 20 0 30.19 0 0 0 0 19.88 0
2 1 2 41.15 0 0 0 0 33.72 24.41 39.95 48.9
2 1 3 36.17 0 0 37.42 43.05 30.77 0 0 40.97
2 2 2 0 0 0 0 0 0 0 0 0
2 2 3 0 0 0 0 0 0 0 0 0
2 3 1 0 0 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0 0 0
2 3 3 0 0 0 0 0 0 0 0 0
3 1 1 0 0 0 0 0 0 0 0 0
3 1 2 25.5 0 0 0 0 0 0 0 0
3 1 3 31.09 0 0 0 0 0 0 0 30.05
3 2 1 0 0 0 0 0 0 0 0 0
3 2 2 40.32 0 0 0 0 0 0 0 0
3 2 3 0 0 0 0 0 0 0 0 0
3 3 1 0 0 0 0 0 0 0 0 0
3 3 2 0 0 0 0 0 0 0 0 0
Straw yield (g)
N W REP T200 TOIL T000 TO10 T03 T22 T31 T40 T201
1 1 1 0.91 0 0 0.545 0 0.445 0.992 0 0
1 1 2 1.375 0 0 0 0 0 1.371 0 0
1 1 3 0.971 0 0 0 0 0.875 0.84 0 0
1 2 1 0.829 0 0 0 0 0 0.636 0 0
1 2 2 0.877 0 0 0 0 0 0 0 0.118
1 3 1 0.157 0 0 0 0 0.014 0.092 0 0.1
cont'd148
1 3 2 0.085 0 0 0 0 0 0.064 0 0
1 3 3 0 0 0 0 0 0 0 0 0
2 1 1 0.347 0 0.821 0 0 0 0 0.273 0
2 1 2 0.849 0 0 0 0 0.371 0.461 0.612 1.087
2 1 3 0.907 0 0 0.857 0.689 0.519 0 0 0.911
2 2 2 0 0.138 0 0.092 0 0 0 0 0
2 2 3 0.124 0 0 0 0 0 0 0 0
2 3 1 0 0 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0 0 0
2 3 3 0.104 0 0 0 0 0 0 0 0
3 1 1 0.02 0 0 0 0 0 0 0 0
3 1 2 0.446 0 0 0 0 0 0 0 0
3 1 3 0.498 0 0 0 0 0 0 0 0.483
3 2 1 0 0 0 0 0 0 0 0 0
3 2 2 0.657 0 0 0 0 0 0 0 0
3 2 3 0 0 0 0 0 0 0 0 0
3 3 1 0 0 0 0 0 0 0 0 0
3 3 2 0.015 0 0 0 0 0 0 0 0
Plant Height (cm)
N W REP T13 T1100T102 T1000T111 T210 T211
1 1 1 0 40.5 0 31.5 0 22 0
1 1 2 42 0 0 35.5 43 43.5 0
1 1 3 0 0 38 0 32 40.5 40
1 2 1 0 0 0 0 32 0 0
1 2 2 0 0 0 0 0 30 0
1 3 1 0 0 0 0 0 0 0
1 3 2 0 0 0 0 0 0 0
1 3 3 0 0 0 0 0 0 0
2 1 1 0 0 0 0 0 0 0
2 1 2 0 0 26.5 0 21.5 22 0
2 1 3 0 0 0 18 0 0 0
2 2 2 0 0 0 0 0 0 0
2 2 3 0 0 0 0 0 0 0
2 3 1 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0
2 3 3 0 0 0 0 0 0 0
3 1 1 0 0 0 0 0 0 0
3 1 2 0 0 0 0 0 0 0
3 1 3 0 0 0 0 0 0
3 2 1 0 0 0 0 0 0 0
3 2 2 0 0 0 0 0 0 0
3 2 3 0 0 0 0 0 0 0
3 3 1 0 0 0 0 0 0 0
3 3 2 0 0 0 0 0 0 0
Ear Length (cm)
N W REP T13 T1100T102 T1000T111 T210 T211
1 1 1 0 8 0 8 0 5 0
1 1 2 9 0 0 6.5 7.5 8.5 0
1 1 3 0 0 8.5 0 7 8.5 8
1 2 1 0 0 0 0 7.5 0 0
1 2 2 0 0 0 0 0 8 0
1 3 1 0 0 0 0 0 0 0
1 3 2 0 0 0 0 0 0 0
1 3 3 0 0 0 0 0 0 0
2 1 1 0 0 0 0 0 0 0
2 1 2 0 0 6 0 4.5 5 0
2 1 3 0 0 0 4.5 0 0 0
2 2 2 0 0 0 0 0 0 0
2 2 3 0 0 0 0 0 0 0
coned2 3 1 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0
2 3 3 0 0 0 0 0 0 0
3 1 1 0 0 0 0 0 0 0
3 1 2 0 0 0 0 0 0 0
3 1 3 0 0 0 0 0 0 0
3 2 1 0 0 0 0 0 0 0
3 2 2 0 0 0 0 0 0 0
3 2 3 0 0 0 0 0 0 0
3 3 1 0 0 0 0 0 0 0
3 3 2 0 0 0 0 0 0 0
Total number of Spike lets
N W REP T13 T1100T102 T1000Till T210 T211
1 1 1 0 17 0 16 0 15 0
1 1 2 18 0 0 13 16 16 0
1 1 3 0 0 16 0 13 16 16
1 2 1 0 0 0 0 17 0 0
1 2 2 0 0 0 0 0 18 0
1 3 1 0 0 0 0 0 0 0
1 3 2 0 0 0 0 0 0 0
1 3 3 0 0 0 0 0 0 0
2 1 1 0 0 0 0 0 0 0
2 1 2 0 0 11 0 11 12 0
2 1 3 0 0 0 10 0 0 0
2 2 2 0 0 0 0 0 0 0
2 2 3 0 0 0 0 0 0 0
2 3 1 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0
2 3 3 0 0 0 0 0 0 0
3 1 1 0 0 0 0 0 0 0
3 1 2 0 0 0 0 0 0 0
3 1 3 0 0 0 0 0 0 0
3 2 1 0 0 0 0 0 0 0
3 2 2 0 0 0 0 0 0 0
3 2 3 0 0 0 0 0 0 0
3 3 1 0 0 0 0 0 0 0
3 3 2 0 0 0 0 0 0 0
Unfertile Spikelets
N W REP T13 T1100T102 T1000T111 T210 T211
1 1 1 0 0 0 0 0 9 0
1 1 2 2 0 0 1 3 4 0
1 1 3 0 0 1 0 1 0 1
1 2 1 0 0 0 0 7 0 0
1 2 2 0 0 0 0 0 5 0
1 3 1 0 0 0 0 0 0 0
1 3 2 0 0 0 0 0 0 0
1 3 3 0 0 0 0 0 0 0
2 1 1 0 0 0 0 0 0 0
2 1 2 0 0 2 0 4 4 0
2 1 3 0 0 0 4 0 0 0
2 2 2 0 0 0 0 0 0 0
2 2 3 0 0 0 0 0 0 0
2 3 1 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0
2 3 3 0 0 0 0 0 0 0
3 1 1 0 0 0 0 0 0 0
3 1 2 0 0 0 0 0 0 0
3 1 3 0 0 0 0 0 0 0
3 2 1 0 0 0 0 0 0 0
3 2 2 0 0 0 0 0 0 0
149
cont' d3 2 3 0 0 0 0 0 0 0
3 3 1 0 0 0 0 0 0 0
3 3 2 0 0 0 0 0 0 0
Fertile Spike lets
N W REP T13 T1100T102 T1000T111 T210 T211
1 1 1 0 17 0 16 0 6 0
1 1 2 16 0 0 12 13 12 0
1 1 3 0 0 15 0 12 16 15
1 2 1 0 0 0 0 10 0 0
1 2 2 0 0 0 0 0 13 0
1 3 1 0 0 0 0 0 0 0
1 3 2 0 0 0 0 0 0 0
1 3 3 0 0 0 0 0 0 0
2 1 1 0 0 0 0 0 0 0
2 1 2 0 0 9 0 7 8 0
2 1 3 0 0 0 6 0 0 0
2 2 2 0 0 0 0 0 0 0
2 2 3 0 0 0 0 0 0 0
2 3 1 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0
2 3 3 0 0 0 0 0 0 0
3 1 1 0 0 0 0 0 0 0
3 1 2 0 0 0 0 0 0 0
3 1 3 0 0 0 0 0 0 0
3 2 1 0 0 0 0 0 0 0
3 2 2 0 0 0 0 0 0 0
3 2 3 0 0 0 0 0 0 0
3 3 1 0 0 0 0 0 0 0
3 3 2 0 0 0 0 0 0 0
Total number of grains
N W REP T13 T1100T102 T1000T111 T210 T211
1 1 1 0 37 0 37 0 8 0
1 1 2 49 0 0 29 32 38 0
1 1 3 0 0 40 0 25 44 39
1 2 1 0 0 0 0 17 0 0
1 2 2 0 0 0 0 0 26 0
1 3 1 0 0 0 0 0 0 0
1 3 2 0 0 0 0 0 0 0
1 3 3 0 0 0 0 0 0 0
2 1 1 0 0 0 0 0 0 0
2 1 2 0 0 18 0 7 12 0
2 1 3 0 0 0 6 0 0 0
2 2 2 0 0 0 0 0 0 0
2 2 3 0 0 0 0 0 0 0
2 3 1 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0
2 3 3 0 0 0 0 0 0 0
3 1 1 0 0 0 0 0 0 0
3 1 2 0 0 0 0 0 0 0
3 1 3 0 0 0 0 0 0 0
3 2 1 0 0 0 0 0 0 0
3 2 2 0 0 0 0 0 0 0
3 2 3 0 0 0 0 0 0 0
3 3 1 0 0 0 0 0 0 0
3 3 2 0 0 0 0 0 0 0
Grain/Fertile Spike let
N W REP T13 T1100T102 T1000T111 T210 T211
150
cont'd1 1 1 0 2.17 0 2.31 0 1.33 0
1 1 2 3.06 0 0 2.41 2.46 3.16 0
1 1 3 0 0 2.66 0 2.08 2.75 2.6
1 2 1 0 0 0 0 1.9 0 0
1 2 2 0 0 0 0 0 2 0
1 3 1 0 0 0 0 0 0 0
1 3 2 0 0 0 0 0 0 0
1 3 3 0 0 0 0 0 0 0
2 1 1 0 0 0 0 0 0 0
2 1 2 0 0 2 0 1 1.62 0
2 1 3 0 0 0 1 0 0 0
2 2 2 0 0 0 0 0 0 0
2 2 3 0 0 0 0 0 0 0
2 3 1 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0
2 3 3 0 0 0 0 0 0 0
3 1 1 0 0 0 0 0 0 0
3 1 2 0 0 0 0 0 0 0
3 1 3 0 0 0 0 0 0 0
3 2 1 0 0 0 0 0 0 0
3 2 2 0 0 0 0 0 0 0
3 2 3 0 0 0 0 0 0 0
3 3 1 0 0 0 0 0 0 0
3 3 2 0 0 0 0 0 0 0
Grain Wt. (g)
N W REP T13 T1100 T102 T1000 T111 T210 T211
1 1 1 0 1.401 0 1.443 0 0.154 0
1 1 2 1.616 0 0 0.938 1.216 1.186 0
1 1 3 0 0 1.34 0 0.751 1.439 1.177
1 2 1 0 0 0 0 0.261 0 0
1 2 2 0 0 0 0 0 0.531 0
1 3 1 0 0 0 0 0 0 0
1 3 2 0 0 0 0 0 0 0
1 3 3 0 0 0 0 0 0 0
2 1 1 0 0 0 0 0 0 0
2 1 2 0 0 0.507 0 0.155 0.321 0
2 1 3 0 0 0 0.208 0 0 0
2 2 2 0 0 0 0 0 0 0
2 2 3 0 0 0 0 0 0 0
2 3 1 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0
2 3 3 0 0 0 0 0 0 0
3 1 1 0 0 0 0 0 0 0
3 1 2 0 0 0 0 0 0 0
3 1 3 0 0 0 0 0 0 0
3 2 1 0 0 0 0 0 0 0
3 2 2 0 0 0 0 0 0 0
3 2 3 0 0 0 0 0 0 0
3 3 1 0 0 0 0 0 0 0
3 3 2 0 0 0 0 0 0 0
Mean grain Wt. (mg)
N W REP T13 T1100 T102 T1000 T111 T210 T211
1 1 1 0 37.86 0 39 0 19.25 0
1 1 2 32.97 0 0 32.34 38 31.21 0
1 1 3 0 0 33.5 0 30.04 32.7 30.17
1 2 1 0 0 0 0 15.35 0 0
1 2 2 0 0 0 0 0 20.42 0
1 3 1 0 0 0 0 0 0 0
1 3 2 0 0 0 0 0 0 0
1 3 3 0 0 0 0 0 0 0
151
coned152
2 1 1 0 0 0 0 0 0 0
2 1 2 0 0 28.16 0 22.14 26.75 0
2 1 3 0 0 0 34.66 0 0 0
2 2 2 0 0 0 0 0 0 0
2 2 3 0 0 0 0 0 0 0
2 3 1 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0
2 3 3 0 0 0 0 0 0 0
3 1 1 0 0 0 0 0 0 0
3 1 2 0 0 0 0 0 0 0
3 1 3 0 0 0 0 0 0 0
3 2 1 0 0 0 0 0 0 0
3 2 2 0 0 0 0 0 0 0
3 2 3 0 0 0 0 0 0 0
3 3 1 0 0 0 0 0 0 0
3 3 2 0 0 0 0 0 0 0
Straw yield (g)
N W REP T13 T1100 T102 T1000 T111 T210 T211
1 1 1 0 1.032 0 0.969 0 0.36 0
1 1 2 1.299 0 0 0.845 1.06 1.172 0
1 1 3 0 0 0.813 0 0.519 0.858 0.956
1 2 1 0 0 0 0 0.522 0 0
1 2 2 0 0 0 0 0.141 0.624 0
1 3 1 0 0 0.083 0.398 0.11 0.1 0
1 3 2 0 0 0 0.103 0 0 0
1 3 3 0 0 0 0 0 0 0
2 1 1 0 0 0 0 0 0 0
2 1 2 0 0 0.463 0 0.288 0.351 0
2 1 3 0 0 0 0.321 0 0 0
2 2 2 0 0 0 0 0 0 0
2 2 3 0 0 0 0 0 0 0
2 3 1 0 0 0 0 0 0 0
2 3 2 0 0 0 0 0 0 0
2 3 3 0 0 0 0 0 0 0
3 1 1 0 0 0 0 0 0 0
3 1 2 0 0 0 0 0 0 0
3 1 3 0 0 0 0 0 0 0
3 2 1 0 0 0 0 0 0 0
3 2 2 0 0 0 0 0 0 0
3 2 3 0 0 0 0 0 0 0
3 3 1 0 0 0 0 0 0 0
3 3 2 0 0 0 0 0 0 0153
Appendix Table 6. The effect of nitrogen and water supply treatments on leaf water potential during
mid-tillering, near end of tillering, early-grain filling and mid-grain filling stage of.Yecora Rojo
spring wheat.
N W Rep predawnmiddyaftnoondark
(Mpa)
"November, 19" (mid-tillering)
1 1 1 0.507 0.525 0.43 0.444
1 1 2 0.591 0.593 0.513 0.531
1 1 3 0.47 0.639 0.439 0.495
1 3 1 1.558 1.974 1.763 1.796
1 3 2 1.202 1.323 1.509 1.354
1 3 3 1.01 1.287 1.725 1.371
3 1 1 0.487 0.758 1.16490.741
3 1 2 0.544 0.783 1.339 0.619
3 1 3 0.485 0.732 1.08430.861
3 3 1 0.986 1.973 0.966 1.028
3 3 2 1.27 1.723 1.641 1.213
3 3 3 1.056 2.02761.39 1.339
"November, 27" (near end of tillering)
1 1 1 0.501 0.744 0.572 0.791
1 1 2 0.61560.671 0.492 1.065
1 1 3 0.621 0.606 0.65 0.879
1 3 1 1.608 1.427 2.325 1.79
1 3 2 1.489 1.555 2.475 2.393
1 3 3 1.418 1.356 2.414 2.135
3 1 1 0.487 1.07 1.101 1.134
3 1 2 0.599 0.861 1.55 1.006
3 1 3 0.49 0.963 1.614 0.857
3 3 1 1.364 1.177 2.086 1.111
3 3 2 2.179 1.507 1.777 1.231
3 3 3 1.821 1.992 1.579 1.173
"December, 6" (early-grain filling)
1 1 1 0.499 0.682 0.562 0.484
1 1 2 0.957 0.716 0.877 0.696
1 1 3 0.521 1.211 0.848 0.882
1 3 1 2.349 2.31 2.4 1.781
1 3 2 3.255 2.371 1.64 1.069
1 3 3 1.798 1.764 1.333 1.245
3 1 1 1.028 0.796 0.93 0.77
3 1 2 0.816 0.672 1.101 0.465
3 1 3 0.445 0.4380.419 0.346
3 3 1 1.83 1.428 1.491 1.667
3 3 2 1.871 2.824 2.895 3.043
3 3 3 2.388 2.787 2.943 2.653
"December, 15" (mid-grain filling)
1 1 1 0.684 0.794 0.592 1.023
1 1 2 0.653 0.738 0.667 0.696
1 1 3 0.748 0.716 0.696 0.533
1 3 1 3.614 2.178 2.324 3.458
1 3 2 1.413 2.388 1.698 1.613
1 3 3 1.718 2.522 1.379 1.34
3 1 1 0.687 0.899 0.733 0.56
3 1 2 1.101 0.969 1.247 0.675
3 1 3 0.84 1.057 1.186 0.643
3 3 1 1.274 1.827 1.113 1.35
3 3 2 2.451 2.658 1.118 0.928